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SURGERY OF ADVANCED IDIOPATHIC DILATATIONS OF THE 
ESOPHAGUS 


VLADISLAV RAPANT, M.D., ZDENEK SERY, M.D., AND JAROSLAV DouspravskY, M.D. 
OLOMOUC, CZECHOSLOVAKIA 


(From the Department of Surgery of the Medical Faculty, Palack,j University) 


N ILLNESS in whieh we particularly fail to perceive the differentiation 
of the pathogenetic factors concerned, an illness where the varying 
morphologie and functional changes of the cranial segments of the esophagus 
contrast with the distal narrowed segment in the length of 3 to 4 em., where 
any signs of an organic lesion in the esophagus itself or in its environments— 
with the exception of microscopic structural changes of the intramural nervous 
plexus—are missing, an illness in which the clinical symptomatology often 
thoroughly deviates from the objectively detectable morphologic and fune- 
tional changes? whereby the surgeon considering the indication of the most 
suitable surgical treatment has to face the most responsible task if he wants to 
avoid trespassing on the very physiologic demands of surgery in a benign 
(lisease, is the so-called idiopathic dilatation of the esophagus. 

In the past 7 years, 58 operations were indicated and performed in our 
department, with no deaths, in 54 patients from the total number of 65 treated 
for idiopathie dilatation of the esophagus. In all those cases operated upon, 
the surgical intervention was always performed because of failure of the con- 
servative, frequently prolonged, complex medical treatment. Table I lists in de- 
tail the procedures performed and, at the same time, shows that in the pre- 
vailing majority of cases (40 patients) preference has been given to the only 
physiologic method known till now, that is, transthoracic esophagomyotomy 
with broad decortication of the musculature of the esophagus without injury 
to any funetional component of the cardiac sphinecter.** Myotomy upsets 
collective action of the pathologie factors whose nature is as imperfectly 
known to us as the mechanism of action of our own intervention; these are 
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the facts in which the principal reasons for some of our erroneous indications 

must be sought and with which some failure in surgical treatment is to be 

connected. 

TABLE I, SURVEY OF PROCEDURES PERFORMED IN 54 PATIENTS WITH IDIOPATHIC DILATATIONS 
OF THE ESOPHAGUS 


(JUNE 1, 1948, TO MarcH 1, 1956) 





PROCEDURE ( PRIMARY ) _ NUMBER REOPERATION 





1. Ksophagomyotomy 40 Ksophagogastroanastomosis and sul 
total resection of the stomach (1) 
2. Wangensteen 6 Pyloroplasty (2) 
3. Grondahl 3 Subtotal resection of the stomach (1 
4. Resection of the esophagus and l 
cardia 
»). Esophagogastroanastomosis with sub- 2 
total resection of the stomach 
6. Wangensteen’s operation combined l 
with the interposition of the 
jejunal loop 
7. Other procedures Q Reconstruction of the hiatus esophagus 
(1) 





Fig. 1.—Transthoracic esophagomyotomy : long myotomy of the anterior wall of the 
esophagus with decortication of the musculature has been performed. The musculature re- 
tracted and the esophagocardiac mucous canal distinctly unfolded. ec, Esophagocardiac junc- 
tion; em, decorticated esophageal musculature. 

The object of our study has been idiopathie dilatations of the esophagus 
characterized by elongation and enormous dilatation of the dysfunctional 
thoracic esophagus, in which cases extramucous myotomy is to be decidedly 
considered out of place. Because of such anatomic and functional presup- 
positions, we are able to obtain unobstructed passage through cardioeso- 
phageal junction by producing favorable conditions which bring forth the 
importanee of the difference of the gravity gradient between the Killian 
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sphincter and the subeardiae portion of the stomach. This can be achieved 
by eardioplasty, by the performanee of broad anastomosis between the 
esophagus and the stomach, and in a given case by the resection of the cardiac 
portion of the stomach and the lower esophagus. Each of these interventions, 
however, substitutes the ingenious functional cardiae sphincter by a rigid 
anastomosis which allows the difference of the gravity gradient to act re- 
versibly, that is, caudocranially with all its unfavorable effects, above all the re- 
fluxesophagitis.. * 1! '*'™ When it is necessary to utilize this intervention, 
we must endeavor to prevent such later complications.* ° From the view- 
point of the refluxesophagitis in cases of advanced idiopathic dilatation of the 
esophagus, the surgical methods used so far may be divided into two groups: 
A. Methods That Do Not Take Into Consideration the Possible Occurrence of the 
Refluxesophagitis.— 
1. Esophagogastroanastomosis: Heyrovsky (1913), Henschen-Sauerbruch, Gron- 
dahl (1916) 
2. Cardioplasty: Meyer (1912), Heinecke-Mikulicz 
3. Resection of the esophagus and the cardia: Phemister-Humphreys 
RB. Methods That Suppress the Possible Occurrence of the Refluxesophagitis.— 
1. Methods listed under A completed with vagotomy 
2. Resection of the esophagus and the cardia with the exclusion of the stomach 
( Allison ) 
3. Resection of the esophagus, cardia, and stomach followed by esophago- 
anthroanastomosis and pyloromyotomy (Wangensteen ) 
4. Resection of the esophagus and the cardia with reconstruction of the valve 
(Watkins) 
5. Resection of the esophagus and the cardia with the interposition of the 
bilaterally excluded jejunal loop (Merendino) 


Because of the late results, all the methods listed in group A should be 
abandoned. Refluxesophagitis cannot be prevented by vagotomy, affecting 
one but by no means the least essential constituent (acidity) (Wangensteen- 
Ferguson). The exclusion of the stomach keeps the duodenum out from the 
passage and comes close to complete gastrectomy by its metabolie and 
hematologic subsequent phenomena (Couinaud®) ; Allison himself! describes a 
peptic ulcer with coexisting carcinoma, an incidence that occurred when the 
reconstruction of the passage had been achieved by the help of the Roux loop. 
Watkins’ method'® of reconstruction of the valve resembles the efforts to 
produce a locking valve in ureterointestinal anastomoses. 


WANGENSTEEN'S METHOD (1951) 
This method was used in 6 patients with no operative mortality. In 3 
patients the surgical intervention was indicated primarily, in the remaining 
» secondarily, because the primary operation, performed elsewhere, had 
proved to be a failure. In the first case the primary unsuccessful intervention 
had been a eardioplasty (performed 9 years ago), in the second the operation 
was patterned after Gréndahl’s method (performed 4 years ago) whereupon 
i peptic uleer developed as side effect in the esophagus, and in the third case 
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TABLE II. LATE RESULTS AFTER WANGENSTEEN ’S OPERATION 
7 POSTOPERATIVE PERIOD | ; 
DATE OF OPERATION (MONTHS ) RESULTS 
Dee. 4, 1951 (D. K.) 50 Very good 
Feb. 6, 1952 (J. K.) 48 Very good 
Feb. 20, 1953 (V. L.) 36 Very good 
April 9, 1953 (E. M.) 31 Reoperation (pyloroplasty 
April 5, 1954 (F. K.) 22 Very good 
July 19, 1955 (V. B.) 7 Reoperation (pyloroplasty) 











Fig. 2.—Operative specimen after Wangensteen’s operation (Patient E. M.): lower thoracic 
esophagus and cranial segments of the stomach up to the antrum. 


the operation was patterned after Heller’s method (performed through the 
abdominal approach 15 months ago). In all our 6 eases, contrary to Wangen- 
steen, laparothoracotomy had been preferred to medial sternotomy. 

The postoperative period ranges from 7 to 50 months, the average 
amounts to 42 months. Except the initial complaints due to a small stomach, 
the immediate results proved to be very good on the whole. From the view- 
point of the late results, the operation was followed by an essential improve- 
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ment of the general health condition, disappearance of dysphagia, and roent- 
genographie improvement of the emptying of the esophagus, though without 
active participation of its musculature. There was no evidence of reflux- 
esophagitis in any of these 6 patients. But an impairment progressing in 
rapid course to distinct cachexia occurred in 2 patients, in one 31 months 
and in the second 7 months postoperatively. This impairment was always 
due to the late pylorospasm which required correction by pyloroplasty where- 
upon all troubles disappeared and the general health condition of both patients 
rapidly improved. In order to eliminate the complaints due to the small 


— 4 
a 


Fig. 5.—Scheme of the operation carried out in Patient J. P.: resection of the distal 
thoracic esophagus and cranial portions of the stomach combined with the interposition of 
the bilaterally excluded jejunal loop and pyloromyotomy. 
stomach, which occur soon after operation, after good results achieved with 
the interposition of the jejunal loop following total gastrectomy,'? Wangen- 
steen’s operation was completed with the interposition of the bilaterally ex- 
cluded jejunal loop in one case of advanced idiopathie dilatation of the 
esophagus. However, the postoperative period is too short to allow the evalu- 
ation of the results obtained. 


GRONDAHL’S OPERATION COMBINED WITH SUBTOTAL RESECTION 
OF THE STOMACH 
On Jan. 21, 1949, Patient F. L. was operated upon using the method of 
Grondahl. After an immediate very good result, the operation was followed 
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by a severe peptic esophagitis. Having taken into consideration the correc- 
tion of alarming side effects of this wholly unphysiologie method, we had to 
decide whether to use an exclusion of the stomach used by Allison, or thi 
gastroenteroanastomosis as suggested by Barrett and Franklin, or the resee 
tion of the reflexogenic zone of the stomach as recommended by Wangen.- 
steen and Leven'® (1949) in eases of esophagostenosis resulting from peptic 
esophagitis. We decided to use the subtotal resection of the stomach and 
achieved a very good result, so that in 3 other patients we could indicate th 


A. B. 


Fig. 6.—Patient J. P. A. Roentgenogram of the barium-filled esophagus before opera 
tion (lateral projection). B, Postoperative state. The circular folds of the interposed jejunal 
loop in the relief filling are well noticeable. ec, Esophagocardiac junction; e, esophagus; eé). 
Yoo see eae anastomosis; j, jejunum; ja, jejunoantral anastomosis; a, antral part of the 
stomach. 


esophagogastrostomy of Gréndahl combined with a simultaneous subtotal! 
resection of the stomach performed from an abdominothoracie approach with 
a partial discission of the diaphragm. This operation was used altogether in 
4 patients, in 2 patients as primary intervention and in the other 2 as see- 


ondary (in 1 ease, cited above, after Gréndahl’s anastomosis, in the second 
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Fig. 7.—Scheme of Gréndahl’s operation combined With subtotal resection of the distal portions 
of the stomach and followed by gastrojejunostomy. 


A. B. 


Fig. 8.—Patient J. M. A, Roentgenogram of the barium-filled esophagus before opera- 
tion. B, State after performed esophagogastroanastomosis sec. Gr6ndahl combined with sub- 
total resection of the stomach (Hoffmeister and Finsterer). Esophagus is of normal size; a 
distinct gastric air bubble. ec, Esophagocardiac junction; eg, esophagogastric anastomosis ; 
7), gastrojejunal anastomosis. 





538 RAPANT, SERY AND DOUBRAVSKY . Sureers 
April, 195 


after transthoracic extramucous esophagomyotomy*). The postoperative pe- 
riod ranges from 9 to 70 months, the average being 32 months. There was 
no evidence of refluxesophagitis in any of the patients thus operated on. With 
regard to the control of the preoperative complaints, as well as to the im 
provement of the anatomic appearance and the emptying of the esophagus. 
this group of patients may be considered to be the best. 

TABLE IIT. Late Resuits AFTER ESOPHAGOGASTROANASTOMOSIS AND SUBTOTAL RESECTION 


OF THE STOMACH 





POSTOPERATIVE PERIOD 
DATE OF OPERATION (MONTHS ) RESULTS 
May 10, 1950 (F. L.) 70 Excellent 
July 8, 1953 (N.C.) 31 Excellent 
Sept. 9, 1954 (J. M.) 17 Excellent 
April 25, 1955 (F. F. 9 Very good 
(coincident pulmonary tubereu 
losis ) 








DISCUSSION 


There is no doubt that till now, the best results, though not always with- 
out possibility of recurrence of previous complaints, had been achieved with 
extramucous esophagomyotomy.’:** 1%  Aecording to our experiences, so 
far the best results proved to be in cases where a long incision of the eso- 
phageal musculature had been combined with extensive decortication of the 
musculature from the submucosa; but from the standpoint of side effects of 
this surgical intervention, we restrict ourselves only to the incision of the 
musculature of the esophagus, leaving the cardiac portion of the stomach 
untouched which, on the other hand, guarantees the intactness of the fune- 
tional constituents of the cardiae sphincter. Though up to now, even in cases 
with equal anatomie and functional presuppositions, there is no way to de- 
termine the results of myotomy preoperatively with absolute certainty. We 
know perfectly well that in advanced cases such an operation has no justifica- 
tion, especially in cases with enormous elongation and dilatation of the esoph- 
agus combined with the extinction of the propulsive muscular activity of 
the esophagus. On such conditions, surgical interventions are indicated where 
the unobstructed passage through the cardioesophageal junction is achieved 
only by the difference of the gravity potentials existing between the cranial 
segments of the esophagus and the subeardiae portion of the stomach. The 
side effects of these surgical interventions are, however, so serious that they 
can endanger the life of the person operated upon directly, a fact which can- 
not be stated with the large majority of idiopathic dilatations of the esopha- 
gus.” '* These side effects ean only be prevented by eliminating the action ot 
the gastrie juice’ © or, eventually, of the alkaline duodenal"! content on the 
mucous membrane of the esophagus. 

Krom the viewpoint of the prevention of a refluxesophagitis, the resee- 
tion of the esophagus and the cardia and the reconstruction of a ‘‘ functional 


*In March, 1956, 2 other patients were operated upon in the same manner with very 
good immediate postoperative results. 
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sphineter’’ by the use of the interposed jejunal loop,’® appears to be the least 


mutilating operation with the least pathophysiologic, that is, metabolie and 
hematologie effects. It is necessary, however, to gain further experience 
particularly with regard to the faet that pyloroplasty will help to prevent 
the occurrence of a peptic lesion, not only of the stomach but also of the inter- 
posed segment. 

Wangensteen’s method, which does not take into consideration the eom- 
plaints due to the small stomach, may endanger the patient sooner or later 
with the troublesome evacuation of the small stomach stump, even under the 
supposition that a complete division of the pyloric sphineter has been per- 
formed. In patients, where reoperation is necessary, pyloroplasty produces 
favorable conditions for the regurgitation of the alkaline duodenal contents 
and, by that, one of the most important suppositions for the refluxesophagi- 
tis. This may be prevented by primary pyloroplasty (Finney, Heinecke- 
Mikuliez) but in all probability only in completing the intervention by means 
of the interposition of the exeluded jejunal loop. Both the procedures quoted, 
that is, the resection of the esophagus and the cardia followed by the inter- 
position of the jejunal loop, as well as Wangensteen’s operation eventually 
completed with the interposition of the jejunal loop, are burdening for the 
person operated upon and claim high demands on the skill of the surgeon. 

It may be supposed that esophagogastroanastomosis advoeated by Groén- 
dahl combined with simultaneous subtotal resection of the distal segments of 
the stomach meets with the basic demands expected from surgical interven- 
tions in cases of advanced idiopathie dilatation of the esophagus, as both the 
risk for the person operated upon and the claims on the surgieal efficiency 
on the part of the surgeon are smaller compared with the procedures ad- 
vocated by Merendino and Wangensteen. Esophagogastroanastomosis regu- 
lates the passage through the eardioesophageal junction completely. The sub- 
total resection then discards the reflexogenie zone, and by the reconstruction 
of the passage by gastroenterostomy the stomach stump empties itself more 
quickly. These are the most important basic conditions necessary in order to 
prevent refluxesophagitis. The immediate, as well as the late, results stand 
in support of this surgical intervention. 


SUMMARY 


In the total number of 54 patients suffering from idiopathie dilatation of 
the esophagus in whom 58 interventions were performed with no operative 
mortality, the best results in the appropriately selected patients could be 
achieved by extramucous esophagomyotomy through transthoracie approach. 

It is suggested that cardioplasty and esophagogastroanastomosis ¢com- 
bined with vagotomy are to be abandoned as methods of unphysiologie charac- 
ter. 

In far-advanced cases or in those where the preceding intervention did 
not lead to a positive curing effect, the resection of the esophagus and cardia 
with the interposition of the jejunum loop completed with pyloroplasty 
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(Merendino-Dillard), Wangensteen’s resection of the esophagus and cranial 
segments of the stomach completed with pyloromyotomy (6 patients), it 
necessary combined with the interposition of the jejunum loop (1 patient) 
or the Gréndahl esophagogastroanastomosis with simultaneous subtotal resec- 
tion of the distal segments of the stomach (4 patients) are to be taken into 
consideration. 

In 6 patients from the total of 11 with advanced idiopathie dilatation o! 
the esophagus, Wangensteen’s operation was performed. There have been 
no deaths. The immediate postoperative results, but for the complaints due 
to the small stomach, always appeared to be very favorable. During the post- 
operative period, which averages 32 months, in 2 of the patients thus operated 
upon, an impairment of the general state was observed due to pylorospasm, 
which obviated the necessity of a reoperation (pyloroplasty), whereupon the 
general condition of the patients improved. However, the time since the re- 
operation has been too short to enable us to evaluate the results obtained. 
In 1 patient Wangensteen’s operation was completed with the interposition of 
the jejunum loop; the immediate postoperative result was a very good one. 

Till now the best results (with an average postoperative period of 3: 
months) have been obtained by combining the esophagogastroanastomosis used 
by Grondahl with the subtotal resection of the distal segments of the stomach. 
This operation was used in 4 patients. There has been no postoperative mor- 
tality. This operation is even considered to be superior to others, because 
of its being the least formidable both to the patient operated upon and to the 
surgeon. It must be kept in mind that because of its tendency to retract it 
is always necessary to make as broad an anastomosis as possible between the 
esophagus and the stomach. 
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ADDENDUM 


In veiw of Wangensteen’s recent remarks (Ann. Surg. 144: 666, 1956) admitting 
serious postoperative blood disorders in some of his patients, on the basis of which this 
operation is no longer performed as a primary intervention for megaesophagus, hema- 
tologic examination of 6 of our patients was performed by Dr. Wiedermann from the First 
Department of Medicine, Palacky University. In 3 patients after Wangensteen’s operation 
the results of hematologic examinations were as follows: one patient had a normal blood 
count but in the peripheral blood changes were found repeatedly which suggested the 
B,, deficienev—megaloblasts and hypersegmentation of megakaryocytes; in the other 2 
patients the same changes were found but only in a very slight degree. In all 3 patients 
an enlarged volume of erythrocytes was found with a smaller number of reticulocytes 


(2-4°/oo) and leukopenia. 


In 3 patients who were submitted to Gréndahl’s esophagogastrostomy and subtotal 
resection of the stomach, the following results were found: one patient showed a slight 
anemia; in the other 2 patients no changes were found. 











OCCURRENCE OF TRACHEOESOPHAGEAL FISTULA 
IN THREE CONSECUTIVE SIBLINGS 
PauL F. HaAusMANN, M.D., A. STEPHEN CLOSE, M.D.,* AND 
LLoyp P. WituiamMs, M.D., MitwavuKEE, WIs. 


(From the Departments of Surgery, Milwaukee Children’s Hospital, and Marquette University 
School of Medicine) 


AMILIAL occurrence of congenital tracheoesophageal fistula has been re- 
Q phag 
ported so infrequently as to justify publication of additional cases. Oceur- 
rence in three siblings has not previously been reported. 


CASE REPORTS 


CASE 1.—D.G., a six and one-half pound male infant, was 3 days old when admitted on 
July 10, 1951, with a history typical of tracheoesophageal fistula. The diagnosis was con 
firmed by x-ray and a type 3b (Vogt) lesion was treated by closure of the fistula and 
end-to-end anastomosis of the esophageal segments. The subsequent course has been un 
eventful except for the necessity of esophageal dilatation at ages 1 month, 10 months, 


and 2 years. 


CASE 2.—S. A.G., an eight pound female infant, was 1 day old when admitted on 
June 12, 1954, with a history and x-ray findings identical to those in Case 1. A type 3b 
defect was treated by closure of the fistula and end-to-end anastomosis of the esophagea! 
segments. A gastrostomy was done the next morning. <A tension pneumothorax (appar 
ently due to a leak through the tracheal suture line) was successfully treated by changing 
the plugged intercostal tube on the second postoperative day. Oral feedings were begun 
on the tenth postoperative day, and the subsequent course has been uneventful. 


CASE 3.—S.G., a six and three-fourths pound female infant, was 1 day old when ad 
mitted on Dee. 6, 1955. The history and x-rays were similar to those of the two siblings 
except that there was no air in the gastrointestinal tract. At operation, no thoracic 
esophagus was found. Therefore, a cervical esophagostomy and gastrostomy were pe! 
formed. The infant did fairly well except that feedings were not too well tolerated 
(apparently there was intermittent pylorospasm), and wound healing was markedly de 


layed. During the twelfth postoperative day, the gastrostomy tube was dislodged and 


several feedings were injected into the peritoneal cavity. The formula was evacuated 
and the gastrostomy tube replaced, but the infant died 9 days later. Autopsy proved the 


cause to be localized peritonitis and inanition. 
DISCUSSION 


Mackenzie* has been widely quoted as reporting the history of a man who 
fathered three infants with tracheoesophageal fistula, each one born of a dit- 
ferent wife. Review of the original text, however, reveals that the diagnosis 
was established by autopsy in one infant, and the evidence of occurrence in 
a sibling was the unsubstantiated remark of the father that an infant by a 
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previous wife had died of the same symptoms at the age of 19 days. There 
was no mention of a third sibling having the anomaly, though it was stated 
that there were other normal siblings. Grieve and MeDermott* reported two 
male siblings born 1 year apart with type 3b (Vogt) anomalies. They noted 
that the parents were third cousins. Lanman* reported a brother and a sister 
born 11 months apart with type 3b tracheoesophageal fistula. 

There have been thorough reports on the embryology and possible etio- 
logie factors associated with this anomaly by Rosenthal,® Lanman,* and 
others” **7 but as yet no definite conclusions can be drawn as to the impor- 
tanee of genetic versus fetal or maternal environmental factors. Significant 
evidence against the importance of a genetic basis may be the report of Brown 
and Brown! who found that only one twin in each of two pairs had the 
anomaly. They did not state whether or not the twins were homozygous. In 
any ease, this would not be conclusive evidence since a multiplicity of factors 
may be involved. No one has yet reported the anomaly in successive genera- 
tions, but neither has anyone reported negative results of such a study. If 
genetic factors are in force, it might seem likely that some of the children of 
those recovering from the anomaly would be most susceptible. However, it 
will be some time before this feature can be analyzed since the first infants to 
survive the defect are only 16 years old. 

We feel that this report is of academic interest only and do not suggest 
that it supports the evidence for genetic transmission of this defect. The first 
infant born of the parents of these siblings was normal; the next three had 
tracheoesophageal fistula, the third one having, in addition, cleft lip and 
palate. Review of the mother’s prenatal and birth histories for the three 
pregnancies did not reveal any features which we could, in the light of our 
present knowledge, consider etiologically significant. 

























SUMMARY 






Three case reports of consecutive siblings born with tracheoesophageal fistula 
are presented. The literature pertaining to this subject is reviewed and briefly 
discussed. No environmental factors which seem significant were found. 
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CONGENITAL ATRESIA OF THE ESOPHAGUS WITH TRACHEO- 
KSOPHAGEAL FISTULA AND DUODENAL ATRESIA 


MIrcHELL KaArRLAN, M.D.,* Jack THompson, M.D.,** ANpb 
Ht. WitLiAM CLarwortuy, JR., M.D.,*** CoLumBus, OHIO 


(From The Columbus Children’s Hospital) 


jp early surgical treatment of esophageal atresia with an adequate distal 
esophageal segment has reduced the mortality to less than 50 per ecent.* 
This decrease in mortality in recent years is due mainly to improvements in 
surgical care and to the prompt establishment of the correct diagnosis at the 
time of birth. In spite of these improvements, there remains a number of 
salvageable infants who suffer from multiple atresias of the upper alimentary 
tract for which there is no uniform method of management. In the interest of 
improving this situation, a case of esophageal atresia, tracheoesophageal fistula, 
and duodenal atresia successfully treated by early primary surgical correction 
of both anomalies is presented. 


CASE REPORT 


B. Y., an 8-hour-old female infant, was admitted to The Columbus Children’s Hospital 
on May 9, 1954. The mother, a gravida 5, para 4, had an uneventful full-term pregnancy 
except for a rather marked polyhydramnios during the last trimester. The baby was de- 
livered without difficulty after a four-hour labor. Within several minutes after birth, it 
was noted that there was an excess amount of mucus in the child’s hypopharynx which 
periodically impeded respirations and produced cyanosis. She required frequent suctioning. 
The diagnosis of esophageal atresia was established by Dr. Fritz Rea of Marion, Ohio, and 
the infant was transferred to The Columbus Children’s Hospital. On admission, the child 
was not in distress but did appear quite dehydrated. The weight was 5 pounds, 7% ounces. 
Laboratory studies were within normal limits. An urethral catheter was passed into the 
esophagus and an obstruction encountered at 11 em. from the tip of the nose. Radiograms 
of the chest and abdomen disclosed a distended stomach and proximal duodenum (double 
bubble effect) (Figs. 1 and 2). No other radiolucent air shadows were present. A few 
drops of Lipiodol were injected through the catheter and under fluoroscopic control the 
point of atresia at the level of the second intervertebral space was seen (Fig. 3). The 
catheter in the upper pouch was started on continuous suction, and the child was placed 
in a semisitting position to minimize the reflux of gastric juice into the tracheobronchial 
tree. Intravenous fluids, penicillin, streptomycin, vitamins C and K, and humidified oxygen 
were administered. 

Twelve hours after admission, the infant was taken to surgery where following the 
insertion of an endotracheal tube the infant was anesthetized with an ether-oxygen mix- 
ture utilizing a semiclosed system. The operation was performed in three stages. First, 
a right periscapular incision was made and the posterior segment of the third, fourth, 
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Fig. 1.—Flat film of the abdomen showing dilated stomach and proximal duodenum (double 
bubble effect) with no radiolucent shadows in the rest of the abdomen. 


Tr 


Fig. 2.—A No. 8 urethral catheter is in the upper esophageal pouch with the tip at 
the level of the second dorsal intervertebral space. The dilated stomach and proximal duo- 
denum are outlined. 
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and fifth ribs was removed, and an extrapleural dissection down to the esophagus was 
carried out. The fistula was divided, the tracheal side closed, and the esophageal pouch 
separated from the trachea. The upper pouch was of good length and an end-to-end, two 
layer esophageal anastomosis was accomplished. Second, the patient was then placed on 
her back and the abdomen opened through a right paramedian incision. The stomach and 
proximal part of the duodenum were markedly hypertrophied and dilated. The point of 
atresia of the duodenum was proximal to the ampulla of Vater. Aspiration of the stomach 
produced a slightly blood-tinged mucus while the distal small intestine was collapsed and 
contained bile. The colon was incompletely rotated, and the sigmoid and left colon were 
filled with dark meconium. There was no evidence of internal hernia, duodenal bands, or 


volvulus. The proximal loop of jejunum was identified and a 2 em. isoperistaltic 





Fig. 3.—Roentgenogram with outlined Lipiodol-filled esophageal pouch demonstrating 
level of atresia and air-filled stomach and proximal duodenum indicative of tracheoesophageal 
fistula. 


anastomosis was carried out between the dilated duodenum and the side of the proximal 
loop of jejunum just distal to the pyloric vein. Finally, a Stamm type gastrostomy was 
performed and the tube brought out through a stab wound in the left upper quadrant. The 
abdomen was closed in layers. 
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The thoracic portion of the operation lasted 2 hours and 45 minutes, and the abdominal 
procedures required 1 hour and 25 minutes. The infant received 60 ¢.c. of blood and 50 e.c. 
of 5 per cent dextrose in water and tolerated the operation without incident. 

The postoperative course was complicated by séveral episodes of aspiration and 
bronchopneumonia. In spite of these difficulties, it was possible to initiate adequate 
gastrostomy feedings on the first postoperative day. Oral feedings were begun on the tenth 
postoperative day and continued until the sixteenth day after operation, when moderate 
distention of the upper abdomen was noted. X-ray examinations revealed partial obstruc- 
tion distal to the duodenojejunostomy. An exploratory laparotomy was performed, and, 
just distal to the anastomosis, multiple obstructing adhesions were found and divided. 
Postoperatively the child did well and was discharged 42 days after admission, weighing 
5 pounds, 14 ounces. 

Seventeen months later, the patient re-entered the hospital for evaluation of several 
petit mal-like attacks which had occurred in the previous six months. With this exception, 
she had enjoyed normal mental and physical development. Barium studies at this time 
showed no stricture of the esophagus. The duodenojejunostomy allowed passage of contrast 
material into the jejunum without delay. She was discharged asymptomatic shortly after- 
ward on small doses of phenobarbital. 


Fig. 4.—Successfully treated case of esophageal and duodenal atresia. Patient at 20 months of 
age. 


DISCUSSION 


Esophageal atresia with tracheoesophageal fistula is a congenital malforma- 
tion which was first described by Durston® in 1670 and ean be expected to occur 
in one out of 2,500 births. Approximately one-third of these infants have asso- 
ciated anomalies elsewhere which often are an additional threat to life.‘ 
Congenital heart disease, malformations of the anus and rectum, and atresia 
and stenosis of the small intestine are the more commonly associated ab- 
normalities. 
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It is surprising that the combination of esophageal atresia and upper 
intestinal atresias and stenoses does not occur more frequently when one con- 
siders the embryological development of the esophagus, trachea, and gastro- 
intestinal tract..* > In early fetal life, the trachea develops as a median 
ventral outgrowth of the foregut immediately behind the last pair of pharyn- 
geal pouches. Between the fourth and the sixth week, the esophagus and 
trachea become divided by an ingrowth of mesoderm. During this same period, 
the lumen is obliterated by the rapid proliferation and conerescence of the 
epithelial lining. Later, the esophageal cord becomes vacuolated and these 
vacuoles cpalesce until the lumen is re-established in the same manner as the 
intestines. An arrest in the development or failure of the mesoderm to separate 
the trachea completely from the esophagus may result in the formation of a 
tracheoesophageal fistula. When the vacuoles fail to coalesce, atresia or 
stenosis occurs. The same process of proliferation, obliteration by con- 
crescences, vacuolization, and re-formation of the lumen occurs in the duodenum 
by the sixth week. 

The simultaneous occurrence of esophageal and duodenal atresia has 
previously been recorded by McGarity. Unfortunately, his patient suecumbed 
on the seventh postoperative day, presumably from sepsis. 

The suecess attained in managing the ease reported is attributable to a 
number of fortunate circumstances, the most important probably being the 
early recognition of the problem and the early transfer of the infant to a 
medical institution equipped to care for this diminutive patient. 

A definitive operative procedure was chosen in this instance because we 
have been favorably impressed with the fact that a newborn infant can with- 
stand a single maximal stress much better than repeated surgical insults. It, 
therefore, seemed logical to combine the well-standardized surgical procedures 
for treatment of esophageal and duodenal atresia into a single effort in order 
to salvage this infant with combined upper gastrointestinal tract anomalies. 


SUMMARY 
1. The ease of an infant born with an esophageal atresia, tracheo- 
esophageal fistula, and duodenal atresia, who was successfully treated by a 
single definitive operative procedure, is presented. 
2. The importance of early recognition of multiple associated anomalies 
of the alimentary tract is emphasized. 
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THE ADRENAL CORTICAL RESPONSE TO SURGERY 
I. THE Errect oF ANESTHESIA ON PLASMA 
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KZEQUIEL GAINZA, M.D., DENVER, COLO. 


(From the Department of Surgery, University of Colorado School of Medicine) 


CTIVATION of the pituitary-adrenocortical system normally oeeurs in 

response to a variety of alterations in the environment of the organism. 
For example, it has been clearly demonstrated that the trauma of surgical opera- 
tion results in stimulation of adrenocortical activity in a majority of pa- 
tients.”! “8 On the other hand, the influence of anesthesia alone, one of the 
obvious variables of potential importance in evaluating the pituitary-adrenal 
response to surgery, has received relatively little detailed study. 

This report concerns the effects of some commonly employed anesthetic 
agents on adrenocortical function in 70 patients as determined by the meas- 
urement of free and glucuronic acid-(conjugated) plasma 17-hydroxyecorti- 
costeroids. In addition, the influence of anesthesia on the adrenocortical re- 
sponse to the first hour of various surgical procedures has also been investigated. 


MATERIALS AND METHODS 


The 70 patients of this series were undergoing treatment at the Colorado 
(ieneral Hospital. There were 29 men and 41 women ranging in age from 5 
to 81 years who exhibited a variety of diseases in diverse stages of progression 
(Table 1). <All studies were carried out during the performance of required 


surgery. 

Four anesthetic groups were studied: (a) 35 patients in whom anesthesia 
was maintained with ether, following a 5 to 10 minute period of induction 
with thiopental plus cyclopropane (14 cases), cyclopropane (11 cases), or 
nitrous oxide (10 cases); (b) 15 patients were given thiopental sodium plus 
nitrous oxide throughout; (¢) 10 patients were given cyclopropane; and, (d) 
10 patients received spinal anesthesia (Pontocaine). In groups (a), (b), and 
(¢) inhalation anesthesia was maintained for one hour prior to surgery. Since 
it was not possible to allow a full hour of spinal anesthesia before surgery in 
eroup (d), the duration of these studies varied from 15 to 45 minutes (aver- 
age: 27 minutes). 

The surgical operations performed varied from minor to extensive major 
procedures. However, in all anesthetic groups, there were procedures of 


This work was performed as part of a study under contract with the Surgeon General, 
United States Army, No. DA-49-007-MD-572. 
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sufficient magnitude to permit evaluation of the effects of one hour of surgical 
trauma on plasma 17-hydroxycorticosteroids. 

In all cases, studies were initiated during the morning hours in order to 
equate, in so far as possible, the known influence of the normal diurnal cycle 
of plasma 17-hydrocorticosteroids.” *'° With 4 exceptions, control samples 
were drawn and anesthesia was induced between 6:30 a.M. and 9:00 A.M.; in 
the remaining eases initial samples were obtained between 9:00 A.M. and 11:00 
A.M. A second sample was drawn at the end of the anesthetic period just prior 
to the beginning of surgery. In most cases, a third sample was obtained after 
one hour of surgery. All blood samples were obtained by venesection and 
heparinized ; the plasma was separated immediately. 

Plasma levels of free 17-hydroxycorticosteroids (17, 21-dihydroxy-20-keto- 
steroids) were measured by the method of Nelson and Samuels.'® <A recent 
modification suggested by Eik-Nes and Samuels® was included. Prior to 
column chromatography, the chloroform extract of plasma was purified by 
benzene-water partitioning. This procedure reduces the content of interfer- 
ing pigments and increases specificity for cortisol (hydrocortisone) as judged 
by an improvement in the absorption curves of the sulfurie acid-phenylhydra- 
zine reaction products. <A series of 23 duplicate samples studied for the effect 
of partitioning versus nonpartitioning demonstrated that this modification 
results in lower plasma cortisol values, more noticeable at the higher plasma 
steroid levels (that is, following surgery). At normal levels little variation 
is observed between the partitioned and nonpartitioned duplicate samples, and 
no difference is seen where pure cortisol standards are used. 

When standard aqueous-aleohol solutions containing from 1 to 3 meg. of 
cortisol were processed in the same manner as the plasma samples, recovery 
was consistently found to be 71 per cent (+0.9 per cent). Therefore, in the 
calculations, all plasma samples were corrected for this factor based on the 
recovery from these standard solutions run in parallel. Using this correction 
factor and adding amounts of cortisol to plasma samples, a 97 per cent recoy- 
ery of added cortisol was consistently demonstrated. Results are regularly 
reproducible to within 2 meg. per 100 ¢.c. of plasma. 

To determine conjugated 17-hydroxycorticosteroids, the method of Bon- 
giovanni® has been used with the addition of benzene-water partitioning. In 
this procedure, the plasma residue from the chloroform extraction of free 
17-hydroxycorticosteroids is incubated with beta-glucuronidase and re-extracted 
with chloroform; the extract is then treated as for the determination of 
free 17-hydroxyeorticosteroids as described above. The final extract after 
chromatography is divided into two parts. Sulfuric acid alone is added 
to one and this material is used as a blank; the sulfuric acid-phenylhydrazine 
color reagent is added to the remaining portion. Optical densities are deter- 
mined on both at appropriate wave lengths (370, 410, and 450 my), and the blank 
value is subtracted from the density of the color reagent sample. The blanks 
show considerable color variation but have in all cases been lower than the 
color reaction values. Similar blanks have been obtained on duplicate samples 
treated according to the dialysis method of Bongiovanni.? Fig. 1 demon 
strates that when the sulfurie acid blanks are subtracted from the sulfuric 
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acid-phenylhydrazine color reagent densities at appropriate wave lengths, 
curves on plasma conjugate samples are obtained which match in shape curves 
obtained on pure standard tetrahydrocortisol, showing a maximum absorption 
at 410 mp. The final corticosteroid value is then caleulated using the Allen’ 
correction formula. All plasma samples are corrected for the average recov- 
ery (68 + .4 per cent) of tetrahydrocortisol standards run in parallel. The 
recovery of tetrahydrocortisol added to plasma has been 99 + .35 per cent, 
with a range 88 to 110 per cent. — 


OPTICAL DENSITY 








390 4lo 430 
WAVE LENGTH 


Fig. 1.—Curves obtained on pure tetrahydrocortisol and plasma samples treated with 
beta-glucuronidase. Curves C and D represent the densities at the various wave lengths of 
standard tetrahydrocortisol, 1 and 2 meg. respectively. Curve A was obtained from a 10 c.c. 
plasma sample treated for conjugates. Curve B is 10 c.c. of the same plasma sample with 
1 meg. of tetrahydrocortisol added (100 per cent recovery). Curve F was a 14 c.c. plasma 
sample taken during surgery and treated for conjugates as for Curve A. Curve E is typical 
for — background obtained from a _ beta-glucuronidase blank processed through the entire 
procedure. 


RESULTS 


Pertinent experimental data are presented in Table I. Because of the nu- 
merous variables involved in the interpretation of such studies, information con- 
cerning the clinical status and anesthetic management of the patients is in- 
cluded. The mean control level of free plasma 17-hydroxycorticosteroids for the 
entire group of 70 patients was 12.8 meg. per 100 ¢.c. of plasma. This value is 
in essential agreement with the normal mean values reported by others.2. Fur- 
thermore, only 2 control values exceeded the generally accepted upper limit of 
normal for this method (20 to 22 meg. per 100 ¢.c.). Consequently, it would 
appear that the underlying clinical disorders, various preoperative medications, 
and apprehension did not appreciably alter the preanesthetie plasma levels of 
the 17-hydroxycorticosteroids in these patients. 

The effects of anesthesia are summarized in Table II. Cyclopropane, thio- 
pental-nitrous oxide, and spinal anesthesia all failed to induce a signifi- 
cant change in the mean level of free plasma 17-hydroxycorticosteroids. Of the 
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35 eases included in these 3 anesthetic groups, only 3 patients (J.O. and M.S. 
of the spinal Pontocaine series, and J. M. of the thiopental—nitrous oxide 
series) exhibited appreciable rises during the course of anesthesia. Therefore, 
the administration of these agents did not appear to elicit, at least during the 
period of anesthesia employed in this study, a significant degree of adreno- 
cortical activation. 


TABLE IIT, SUMMARY OF CHANGES IN PLASMA 17-HYDROXYCORTICOSTEROIDS DURING 
ANESTHESIA AND ONE HOUR OF SURGERY 








CHANGE IN PLASMA 17-HYDROXYCORTICOSTEROIDS 
MICROGRAMS PER 100 C.C. 
ANESTHESIA CASES ANESTHESIA — | P | SURGERY | P 


Ether 35 +4.3 + 1.3% <0.01 +12.0 + 1.9 <0.01 
Cyclopropane 10 -1.1 + 1.6 NSt +8.4 + 3.2 <0.01 
Thiopental—nitrous 15 -0.1 + 1.1 NS +9.8 + 5.4 < 0.05 
oxide 
Spinal 10 +2.7 + 2.1 NS +1.4 + 3.0 NS 
*Standard error of the mean. 
{No significant change. 











In contrast, the group receiving maintenance ether anesthesia showed a sig- 
nificant increase in the mean value of free plasma 17-hydroxycorticosteroids. 
However, the effect was quite inconsistent since only 15 of the 35 patients ex- 
hibited an appreciable rise while in the remaining 20 patients only minor altera- 
tions in cortisol levels occurred. Table III illustrates the variability of response 
to ether anesthesia. 


TABLE IIT. VARIATIONS IN RESPONSE TO ETHER ANESTHESIA 








CHANGE IN | 
PLASMA 17-HYDROXYCORTICOSTEROIDS 
MICROGRAMS PER 100 C.c. | NUMBER OF CASES 
-8 to 0 14 
+1 to +7 6 
+8 to +19 15 








Thus, 18 patients of the total series of 70 eases showed a significant increase 
in free plasma 17-hydroxycorticosteroids during anesthesia; 15 of these 18 pa- 
tients received ether. In seeking a common denominator which might distin- 
guish this group from those in whom no response occurred, a detailed analysis 
of the former cases is presented in Table IV. However, no single feature or 
combination of features peculiar to this group alone can be identified. 

The effects of one hour of surgery on free plasma 17-hydroxyecorticosteroids 
in the 4 anesthetic groups are summarized in Table II. The mean rise in levels 
exhibited by all groups receiving inhalation anesthetics was significant. In con- 
trast, the mean level of patients given spinal anesthesia showed no appreciable 
change during surgery. 

Data are also presented (Table V) on the levels of conjugated as well as 
free plasma 17-hydroxycortieosteroids in 24 patients of the series, of whom 15 
received ether and 9 thiopental—nitrous oxide or eyclopropane. Because 
a delay in the rise of conjugated plasma corticosteroids ordinarily occurs follow- 
ing a rise in the concentration of free 17-hydroxycorticosteroids, measurements 
were obtained in this group of patients at the end of surgery in addition to those 
taken after one hour of anesthesia and one hour of surgery. 











TABLE IV. 
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CLINICAL DATA CONCERNING THE 18 PATIENTS WHOSE FREE PLAS 


Surgery 
April, 1957 































tongue 





Recurrent carci- 
noma of tongue 


W. L. 74 M 





flutter 


























F.O 76 M Carcinoma of Depleted 
stomach 

M. G. 22. F Umbilical hernia Chronic pyelone- 

phritis 
S.C 65 F  Cholelithiasis Essential hyperten- 
sion 

C.N 36 F Nontoxic,nodular Condition good 

goiter 
ny L. K 26 F Chronic thyroiditis Condition good 
r 

H.B 10 F  Interatrial septal Condition good 
defect 

T. 8 5  F  Interatrial septal Condition good 
defect 

R. E 14 M _ Interatrial septal Condition good 
defect 

B.S 34 M Patent ductusar- Condition good 
teriosus 

M.B 56 F  Ceeal polyp Condition good 

V.8 26 F Uterine prolapse Condition good 











Pulmonary tuber- Condition good ; 


eulosis 





prior to surgery 










tion 3 days prior 
to surgery 









Depleted ; auricular 


bronchoscoped day 


M.S. 38 F Uterine fibroids Essential hyperten- 
urethrocele sion; dilation and 
curettage 2 days 
prior to surgery 
J.O. 45 M Herniated nucleus Condition good 
pulposus 
J. M. 81 M_ Inguinal hernia Transurethral resee- 


pine 


Meperidine 
atropine 


Atropine 
meperidine 

Morphine sco- 
polamine 

Meperidine 


scopolamine 
secobarbital 


Morphine sco- 
polamine 


Morphine atro- 


pine seco- 
barbital 
Morphine sco- 
polamine 
Morphine sco- 
polamine 
Morphine se 
polamine 
Morphine sco- 
polamine 


)- 


secobarbital 


Scopolamine 


Morphine sco- 
polamine 


Morphine sco- 
polamine 


Meperidine 


scopolamine 
secobarbital 


Meperidine 


scopolamine 


Morphine sco- 
polamine 





*Parentheses contain agents used in induction. 













thiopental-nitrous oxide or cyclopropane. 






jugated corticosteriods during the anesthesia. 









Calm 


Appre- 
hensive 
Calm 
Calm 
Appre- 
hensive 
Calm 
Calm 
Calm 
Appre 
hensive 
Calm 
Calm 


Calm 


Calm 


Calm 


Calm 


Calm 


PREIN- 

PATIENTS | AGE | SEX DIAGNOSIS | CLINICAL COMMENT | PREMEDICATION | DUCTION | INDUCTI: 
A. M. 41 F Rheumatic heart Condition good Morphine sco- Calm Smooth | 
disease mitral polamine 

stenosis 
E. McK. 75 M Carcinoma of Condition good Morphine atro- Calm Smooth 








Smooth 








Smooth 


Mild excite 
ment 
Mild excite 
ment 


Mild exeite- 
ment 
Smooth 


Smooth 
Smooth 
Moderate ex- 


citement 
Smooth 


Mild excite- 
ment 
Smooth 





Excitement 


Moderate ex- 
citement 










It will be observed (Fig. 2) that in this smaller series studied with eonju- 
gate determinations, the mean levels of both free and conjugated 17-hydroxy- 
corticosteroids during anesthesia and surgery followed almost identical curves. 
This was true in the patients who received ether as well as in those who received 
In neither of these small groups 
did a significant change occur in the mean values of either the free or con- 


That the mean level of free 


cortisol did not rise in these 15 ether patients, in contrast to the sienifieant 
increase observed in the total ether group of 35 patients shown above (Table 
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17-I1YDROXYCORTICOSTEROIDS ROSE SIGNIFICANTLY DURING AN HOUR OF ANESTHESIA 








—— 


ANESTHESIA 


| PLASMA 17-HYDROXYCORTICOSTEROIDS MCG./100 C.C. 





CON- 
OPERATION TROL 


ANES- | SUR- | RISE WITH RISE WITH TOTAL 
THESIA | GERY | ANESTHESIA SURGERY RISE 





Ether (thiopental-* 


cyclopropane ) 


Ether (thiopental- 
cyclopropane) 


Ether (thiopental- 
cyclopropane) 


Ether (thiopental- 
cyclopropane ) 

Ether (nitrous 
oxide ) 

Ether (nitrous 
oxide ) 


Ether (nitrous 
oxide ) 

Ether (nitrous 
oxide ) 


Ether (eyeclopro- 
pane) 

Ether (cyelopro- 
pane ) 

Ether (eyclopro- 
pane) 

Ether (cyclopro- 
pane ) 

Ether (cyclopro- 
pane) 

Ether (cyelopro- 
pane) 


Ether (cyelopro- 
pane) 


Spinal 


Spinal 


Thiopental-nitrous 


oxide 


Mitral valvuloplasty 2 


Radical neck dissec- 11 
tion; partial lingu- 
lectomy jaw 

Radical neck dissee- 
tion; partial resec- 
tion of jaw 

Subtotal gastrectomy 


Herniorrhaphy 


Cholecystectomy 


Subtotal thyroid- 
ectomy 

Subtotal thyroid- 
ectomy 


Closure of interatrial 
septal defect 
Closure of interatrial 
septal defect 
Closure of interatrial 
septal defect 
Ligation of patent 
ductus arteriosus 


Polypectomy 


Manchester repair 
tubal ligation 


Segmental resection 
of lung 


Abdominal hysterec- 
tomy ; perineal 
repair 

Laminectomy 


Herniorrhaphy 


13 32 11 14 30 


33 11 11 22 





IT), emphasizes the inconsistency of the response to ether. 


sy chance, con- 


jugates were studied in only 3 patients who showed a rise during ether anes- 


thesia. 


During surgery a marked increase in free 17-hydroxycorticosteroids 


occurred in both groups, accompanied by a somewhat delayed but significant 


rise in the levels of conjugated compounds. 


In both groups, the response 


curves for both free and conjugated corticosteroids were similar. 


DISCUSSION 


The data presented indicate that anesthetic agents differ in their effects on 


the pituitary-adrenocortical system. 
perimental findings of others in both human and animal studies. 


This is in agreement with previous ex- 
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TABLE V. FREE AND CONJUGATED PLASMA 17-HYDROXYCORTICOSTEROID LEVELS IN 24 PATIENTS 
BeErorRE ANESTHESIA AND AFTER ONE HOUR OF ANESTHESIA, AFTER ONE HOUR OF 
SURGERY, AND AT THE END OF SURGERY 








PLASMA 17-HYDROXYCORTICOSTEROIDS (MICROGRAMS PER 100 C.C.) 






































FREE CONJUGATED 
| HOUR | HOUR 
ANES- 1 HOUR |END OF ANES- 1 HOUR | END OF 
PATIENT CONTROL | THESIA |SURGERY |SURGERY | CONTROL | THESIA |SURGERY | SURGERY 
Ether Group* 
1 12 20 38 49 11 6 23 36 
2 22 20 aye mee 25 a ae pee 
3 16 12 sak aha 3 2 Pon sort 
4 22 18 32 31 9 10 11 12 
5 21 23 35 39 6 13 14 14 
6 6 9 32 38 19 13 ms 41 
7 14 13 12 a 8 8 11 iis 
8 11 10 25 == 11 15 — ~~ 
9 7 16 37 43 Z 12 14 24 
10 18 FW 32 Se 4 — 14 oat 
11 19 25 por = 3 4 ees abe 
12 11 Ze 43 43 13 ae 15 21 
13 11 11 10 17 9 14 14 27 
14 14 18 34 = 11 10 15 cos 
15 15 11 28 = 6 8 10 = 
Means 15 16 30 37 9 10 14 24 
Nonether 
Groupt 
1 14 17 —_ — 2 6 _— a 
2 7 5 ites — 6 5 as sh 
3 8 13 Ae ane 0 0 ata —_ 
4 21 16 24 _— 18 19 9 its 
5 18 19 34 41 16 21 21 17 
6 13 7 30 36 2 9 10 30 
7 10 5 45 40 5 5 17 19 
8 14 10 ae ar 10 9 sida atic 
9 8 11 28 ies 9 6 8 eae 
Means 13 11 32 39 9 10 TE ries 








*Patients 1-8 were induced with thiopental-cyclopropane; 9-13 with cyclopropane; 14-15 
with nitrous oxide. 
+Patients 1-8 received thiopental-nitrous oxide; patient 9 received cyclopropane. 


The magnitude of adrenocortical activation is a direct function of the 
duration of stimulation.’® It must be admitted that the duration of the anes- 
thesia periods in this series is brief (one hour or less), but this was the longest 
period we felt justified in employing for purely experimental purposes. An 
approximately equal period of surgical trauma therefore was selected for 
study in order to provide control observations on the problem of time-response 
relations in anesthesia. It is apparent from the results during surgery that 
when the stress is sufficiently intense a period of one hour allows adequate 
time for occurrence of a significant change in free plasma 17-hydroxycortico- 
steroids. Therefore, the period of anesthesia employed, although brief, would 
appear to be adequate for the purposes of this study. Nevertheless, it must 
be conceded that more prolonged exposure to the submaximal stimulus of 
anesthesia might well elicit a higher proportion of responses than was ob- 
served. 

ETHER 

Administration of ether to animals has resulted in depletion of adrenal 

cholesterol and ascorbie acid,’? and recent studies in human beings have shown 
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is pril, 1957 
a significant elevation of free plasma 17-hydroxycorticosteroids in adults*’ 
and children.'® Steenberg** found that a 53-hour thiopental-ether anesthesia in 
a normal volunteer subject produced a rise in free 17-hydroxycorticosteroids 
to a level which was comparable to values produced by some types of major 


surgery. 


That adrenal activation may oceur during ether anesthesia is confirmed 
by the present study of 35 patients. However, the response was not uniform 


and, as pointed out, was unpredictable on the basis of those variables sub 
jected to analysis. Table III] demonstrates this variability in response to 
ether anesthesia. In 14 patients free plasma corticosteroids showed no change 
or an actual decrease. This resembles the pattern which would be expected 
in terms of normal diurnal variation if no adrenal stimulus had been applied. 
Six patients showed small equivocal rises above control values while 15 had 
definite and significant elevations following their one hour experience with ether. 

An explanation of these differences was sought in a study (Table IV) of 
the pertinent clinical aspects of those patients who showed a response. The 
patients listed include, as does the total series, both young and old, male and 
female, the calm and the apprehensive, those in good general condition and 
those in a state of chronic physical depletion, those in whom induction pro- 
ceeded quietly and those who exhibited excitement, and those who subse- 
quently showed a marked rise in plasma 17-hydroxycorticosteroid levels with 
surgery and those who did not. The preanesthetic medications given to this 
group differed in no way from those received by patients in whom no response 
occurred. In addition, the cases maintained under ether anesthesia included 
4 induced with thiopental plus cyclopropane, 4 with nitrous oxide, and 
6 with cyclopropane—indicating that the response of patients anesthetized 
with ether was not a function of the induction agent used. In short, an ade- 
quate explanation of why some patients responded and others did not was 
not provided by this analysis. 


SPINAL ANESTHESIA 


In 3 of 4 patients undergoing surgery during spinal anesthesia, Sandberg 
and his co-workers”! found a rise in blood 17-hydroxyeorticosteroids. In dogs, 
on the other hand, the normal pituitary-adrenocortical response to trauma was 
found to be inhibited during spinal anesthesia.'* In the present study, al- 
though 2 of 10 patients showed a response to spinal anesthesia itself, the 
expected rise in plasma 17-hydroxycorticosteroids following one hour of sur- 
gery under this anesthetic agent was absent in 9 of 10 patients. Since the 
previous studies of Hume and Wittenstein’? demonstrated that sensory path- 
ways to the central nervous system must remain intact in order that the nor- 
mal adrenocortical response to trauma may occur, these results were not un- 
expected. They should remind one that ‘‘the chief integration of the activi- 
ties of the organism in response to stress is certainly within the central nervous 
system although much of the action may be carried out by .. . secretions of 
the endocrine system under nervous control.’’!* 
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BARBITURATES 


Barbiturate anesthesia in animals may fail to elicit adrenocortical stimu- 
lation.22 Furthermore, some workers have reported that barbiturate anesthesia 
may at least partially suppress the adrenocortical response to cold’? or even 
to surgical trauma.'*? However, it is obvious that the preoperative administra- 
tion of barbiturates to some patients in this series had no appreciable influ- 
ence on the effects of anesthesia or surgery on plasma 17-hydroxycortico- 
steroids. In fact, none of the preoperative medications employed—morphine, 
meperidine, atropine, scopolamine, or secobarbital—appeared to influence sig- 
nificantly the effects of either anesthesia or surgery. Klein’® previously re- 
ported that these drugs in average anesthetic doses did not produce a rise in 
free plasma 17-hydroxyecorticosteroids and that premedication with these 
agents did not inhibit the rise elicited by intravenous adrenocorticotrophin or 
by inhalation anesthesia. 


RESPONSE TO SURGERY FOLLOWING INHALATION ANESTHESIA 


It is evident that none of the inhalation anesthetic agents suppressed the 
response of the adrenal cortex to the trauma of subsequent surgery. This was 
true whether or not the patient showed a rise with anesthesia alone, indicating 
that when anesthesia produced an adrenocortical response the stimulus to the 
adrenal cortex was submaximal. Further, the inhalation agents did not ap- 
pear to diminish the capacity of the adrenal to respond to a subsequent inten- 
sive stimulus. It is emphasized that the measurements presented in Table II 


were obtained following only one hour of surgery and, therefore, do not rep- 
resent a maximal response. It is apparent that free plasma 17-hydroxycortico- 
steroids rose in the expected fashion under the influence of this amount of 
operative trauma. 


MECHANISM OF ELEVATION OF PLASMA CORTISOL 


Finally, it has been shown” *° that at least two factors are involved in 
the elevation of free plasma 17-hydroxyeorticosteroids during surgery: (a) 
an inereased rate of adrenal steroid secretion and (b) a decreased rate of 
adrenal steroid disappearance from the circulation. Since it was of interest 
to evaluate the relative significance of these factors on plasma cortisol levels 
during anesthesia, maintenance measurements of both free and conjugated 
17-hydroxycorticosteroids were obtained. It is apparent (Fig. 2) that the 
changes in both free and conjugated corticosteroids of patients receiving 
ether and of those receiving thiopental—nitrous oxide were almost identical. 
It is to be noted that these observations were extended to inelude measure- 
ments obtained at the end of surgery and that: (a) the levels of free cortisol 
continued to rise throughout the period of operative stress and reached ap- 
proximately equal values in both anesthetic groups and (b) the levels of con- 
jugates also rose progressively during surgery although more gradually than 
the free material and, again, attained practically equivalent maxima in the two 
anesthetic groups. Thus, it would appear that the effect of several hours of 
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ether anesthesia on the conjugation of 17-hydroxyeorticosteroids was not sig 
nificantly different from that of thiopental-nitrous oxide. It is to be pointe: 
out that these data cannot be interpreted to indicate that the rate of cortiso! 
metabolism during anesthesia and surgery was normal; on the other hand, they 
do indicate that the metabolism of cortisol in the two anesthetic groups was 
essentially similar. It must, therefore, be inferred that the rise in levels of 
free 17-hydroxyeorticosteroids in some patients during ether anesthesia re- 
sulted from adrenocortical stimulation rather than from a decrease in the rate 
of cortisol conjugation. Unfortunately, since no rise in free cortisol levels 
occurred in most of the patients in whom conjugated corticosteroids were 
measured during ether anesthesia, no direct comparison can be made of con- 
jugation rates in those who exhibited a rise in free cortisol levels and in those 
who did not. 

Present evidence* ' indicates that the chief site of corticosteroid metabo- 
lism is the liver. This is supported by demonstrations® * that the disappear- 
ance of administered hydrocortisone from plasma is materially delayed in 
patients with advanced hepatic disease. It is of particular interest to note 
that in the present series none of the patients who responded to anesthesia 
with a significant rise in free 17-hydroxycorticosteroid levels presented clinical 
or laboratory evidence of hepatic disease; whereas, of 5 patients in the series 
with definite liver disorders 4 patients failed to show an appreciable rise in 
free 17-hydroxycorticosteroids during anesthesia (2 with ether, 2 with cyelo- 
propane, 1 with thiopental—nitrous oxide), but all 5 exhibited significant in- 
creases during surgery. This small number of comparative observations again 
suggests that when a rise in plasma 17-hydroxycorticosteroids occurs during 
anesthesia it may well result from adrenocortical stimulation rather than a 
ilecreased rate of steroid disappearance from plasma. However, it is to be 
remembered that a decrease in the rate of hepatic removal of adrenal steroids 
may oeeur during surgery in individuals with intact liver funection.*® It is 
well known that anesthesia is frequently accompanied by mild impairment 
of hepatie function.*® *° Fairlie and his associates* showed that ether, cyclo- 
propane, and spinal anesthesia all produced similar changes in a representa- 
tive battery of liver function tests. If this be true, the fact that the effects 
of ether on the one hand and those of cyclopropane, thiopental—nitrous oxide, 
and spinal anesthesia on the other were significantly different suggests that a 
delay in the hepatie removal of circulating adrenal steroids did not contribute 
materially to the changes elicited by anesthesia in the present study. 

SUMMARY 

The effeets of anesthesia on free plasma 17-hydroxyeorticosteroids have been 
studied in 35 patients maintained on ether, 15 patients given thiopental—nitrous 
oxide, 10 patients who received cyclopropane, and 10 patients given spinal 
anesthesia. 

Plasma samples were collected before induction, after one hour of anes- 
thesia, and after one hour of surgery. 
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Fifteen of the thirty-five patients receiving ether had a definite inerease 
in plasma cortisol levels and the mean rise of the ether group as a whole was 
significant (p < 0.01). No patient receiving cyclopropane showed an increase 
in the free corticosteroid level and only 1 patient of 15 receiving thiopental— 
nitrous oxide had a significant increase after one hour of anesthesia. Two of 
ten patients receiving spinal anesthesia showed increases in the level of free 
17-hydroxyeorticosteroids, but the mean rise for the group of 10 patients was 
not significant. 

The mean rise in the levels of free 17-hydroxycorticosteroids after one 
hour of surgery was statistically significant in all groups except those patients 
receiving spinal anesthesia. 

Data on levels of conjugated (as well as free) 17-hydroxycorticosteroids 
were obtained from 15 patients receiving ether and 9 patients maintained on 
thiopental-nitrous oxide or cyclopropane during an hour of anesthesia and 
throughout surgery. These data do not suggest that impairment of conjuga- 
tion was a factor in the rise in free plasma cortisol seen in some patients fol- 
lowing anesthesia alone. 


We would like to thank Drs. Henry Swan and Dalton Jenkins for their assistance in 
the preparation of the manuscript and Mrs, Anna Marie Lowe for her assistance with the 
analyses. 
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RESULTS IN THE TREATMENT OF INTUSSUSCEPTION IN 
INFANTS AND CHILDREN 


GEORGE B, Packarp, M.D., AND R. PARKER ALLEN, M.D., DENVER, COLo. 


(From the Departments of Surgery and Roentgenology, Denver Children’s Hospital) 


HE wide difference of opinion as to choice of treatment of intussuscep- 

tion as expressed in articles from many sources over the years has 
prompted this report from the Denver Children’s Hospital. This review 
which supplements one in 1954° covers the 20-year period up to 1956 and in- 
cludes sufficient cases both of the primary open and the primary closed treatment 
to permit some comparative evaluation. 

The majority of authors in this country and Great Britain as ex- 
pressed by Dennison,' Gross,? Moore,’ Thatcher,? and others have advocated 
prompt open reduction and have condemned nonoperative treatment. Even 
at operation, many have avoided, if possible, any additional procedure 
such as appendectomy. More recently, however, there have been reports 
from American surgeons, including Ravitch,’ Santulli,s and Wyatt,?° of pri- 
mary trial by barium enema which are too favorable to ignore. In contrast 
to the American and British majority, certain Scandinavian’ and Australian‘ 
authors have been outspoken in advising primary hydrostatic treatment in 
most cases. 

OBJECTIONS TO CLOSED TREATMENT 

Those advocating immediate operation without a preliminary closed trial 
state (1) that precious time is lost in the x-ray room and in observation after- 
ward, (2) that proof of reduction is inaccurate and uneertain, (3) that 
barium enema fails to reduce most of the enteric type which make up 15 per 
cent of the cases, (4) that such an ineiting cause as a small intestinal tumor 
or a Meckel’s diverticulum cannot be demonstrated, and (5) that gangrenous 
bowel may be reduced or perforation may be unrecognized. 


ADVANTAGES OF CLOSED REDUCTION 


Advoeates of a primary closed trial claim (1) that a high proportion of 
ileoceeal intussusceptions and many ileoileals can be reduced without resort 
to operation, (2) that perforation or reduction of gangrenous bowel does not 
occur with limited pressure, (3) that surgery carries a higher mortality than 
simple enema, and definitely a higher morbidity as measured by length of 
hospital stay, fever, vomiting, wound infection, and late adhesions, and (4) 
that this simple procedure results at the same time in great economie saving. 
They admit that enema fails to reduce a large number of the ileocecal type 
and most of the enteric or to show inciting causes such as polyps or diverticula. 
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They support the plan that immediate operation should follow when the least 
doubt remains as to the completeness of enema reduction. They state that 
the time required for barium enema need never exceed one half hour and that 
the total period of observation required after an apparently suecessful reduc 
tion need be only a few hours to rule out small intestinal obstruction. This is 
no longer than would be required if such an obstruction existed from any 
other cause. 
DURATION AND MORTALITY 


Duration of symptoms has an important bearing on choice of treatment, 
as reduction must obviously be easier in the shorter cases. As shown in 
Table I, only one of the 67 patients treated within 24 hours of onset failed 
to recover. Contrary to expectation, there is not shown a steady rise of 
mortality in each sueceeding 24-hour period. One explanation given is that 
the time of onset is often obscure and that the forward progress of an in- 
tussusception may vary widely. It has been our experience that in the earlier 
cases, especially those of the first 24 hours, closed reduction is more likely 
to succeed. However, enema is not always successful in the early cases, while 
conversely, some intussusceptions of 24 hours’ duration or longer are reduced 
with astonishing ease. Regardless of the latter exceptions, early recognition 
is more important than choice of treatment and is the greatest factor in a sue- 
cessful outcome. 

RESULTS 


It may be proper to divide our eases into two 10-year periods which rep- 
resent some difference in surgical thought and a great difference in auxiliary 
measures. 


TABLE I. DURATION BEFORE TREATMENT 
Jan. 1, 1936, to Jan. 1, 1956 








DURATION NUMBER OF | MORTALITY 
(HOURS) CASES RECOVERED > (PER CENT) 
0-24 67 66 ib 
25-48 30 26 EF 
49-72 19 17 Z 10.; 
Over 72 22 19 : 13. 

Total 138 128 
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TABLE II. RESULTS OF TREATMENT 
Jan. 1, 1936, to Jan. 1, 1946 








Total number of cases admitted 
Recoveries 
Died following surgery 
Died without definitive treatment 
Over-all mortality 





The results in the 10-year period from 1936 through 1945 (Table IL) are 
not pleasing; a mortality of 18.4 per cent was recorded for the 38 cases ad- 
mitted, though only one death occurred in the cases treated within 24 hours 
of onset. Regardless of symptom duration, very few patients in this period 
had the closed treatment. The successes by this method were purely fortu- 
itous, the result of diagnostic enema. 
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The second period of 10 years, Jan. 1, 1946, to Jan. 1, 1956 (Table LIL), 
more nearly represents present experience, a period in which results in most 


surgical and medical diseases have been so greatly improved by advanees in 
treatment of shock, fluid imbalanee, and infection. During this time both 
surgery and closed reduction were given a good trial. Of the 100 intus- 
susception cases admitted to the hospital, 43 had prompt operation, 55 had 
primary barium enema of which 29 came to operation because of incomplete 


or inconclusive reduction. Three of these 100 patients died; 2 were moribund 
and received no definitive treatment. There was only one death in the treated 
cases, a baby subjected very briefly to enema and later to operation. The 
over-all mortality is thus 3 per cent and the enema and operative rates to- 
gether total 1 per cent. This record ranks favorably with other reports even 
though 100 consecutive eases do not constitute a large series. The inerease in 
number of cases over preceding years indicates earlier diagnosis and suggests 
that intussusception is more common than is recognized and often may be 
reduced spontaneously. Comparison of results according to type of treatment 
must be confined to this latter period in which both open and closed methods 
were used in sufficient number to allow some evaluation. Even then, the 
choice is not entirely clear as the total mortality figures are so low that no 
preference on this basis alone is apparent. 


TABLE IIT. RESULTS OF TREATMENT 
Jan. 1, 1946, to Jan. 1, 1956 








Total cases admitted 

Recoveries 

Initial surgery 

Tnitial barium enema 

Surgery after enema 

Total deaths 
No definitive treatment in 
After enema and surgery 

Over-all mortality 

Enema and surgical mortality 





SURGICAL TREATMENT 

In the latter period (Table 1V), more patients had operation than pri- 
mary barium enema, Forty-three patients had operation as soon as it could 
be safely arranged; 29 had operation following barium enema. There were 9 
bowel resections, and there are included 40 appendectomies. In these 72 eases, 
there was the one death already mentioned, a patient with sigmoid perfora- 
tion and general peritonitis, resulting in an operative mortality of 1.4 per 
cent. 


TABLE IV. CASES RECEIVING SURGICAL TREATMENT 
Jan. 1, 1946, to Jan. 1, 1956 








Cases treated surgically 
Initial surgery 
After enema 29 
Deaths 1 
Mortality 1.4% 
9 Bowel resections No deaths 
40 Appendectomies No deaths 
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Surgery to be successful requires certain safeguards. Operation must b 
promptly arranged and not delayed for observation though not infrequently) 
a few hours’ time is an absolute requirement for correction of dehydration 
electrolyte imbalance, or blood loss. Such a delay may change a bad risk 
to a good one. Except in quite early cases, intravenous fluids were started 
preoperatively and matched blood was held in reserve. Gastrie suction is a 
necessary routine to avoid vomiting and aspiration. It is not intended her 
to deseribe technical operative details. A right-sided incision gives the best 
exposure and gentle manual reduction is obviously the choice. When badly 
damaged or gangrenous bowel required removal, resection with immediate 
anastomosis was the course followed in this group. No mortality followed 
in the 9 eases. Added technical procedures designed to prevent recurrence 
did not seem to be of added value. 


CLOSED TREATMENT 

In this same 10-year period, there has been an increasing interest in 
closed reduction by barium enema. Pediatricians, surgeons, and the radi- 
ologists have cooperated in giving this method a fair trial (Table V). Fifty- 
five patients were subjected to barium enema. Of these, 26 had certain re- 
duction while operation followed in 29. In 5 of the operated cases, reduction 
was found complete. In a few others it was almost complete. No case at 
operation was considered more advaneed or difficult due to having had a pre- 
liminary enema. In the one fatal case previously mentioned, a perforation in 
the sigmoid below the intussusception was immediately noted. The patient, 
already almost moribund, died following surgery in spite of attempt at prepa- 
ration. Ineluding this case, the mortality of the procedure was 1.8 per cent. 


TABLE V. CASES OF PRIMARY CLOSED TREATMENT 
Jan. 1, 1946, to Jan. 1, 1956 








Total number 55 
Reduced, no surgery 26 
Followed by operation 29 

Found not reduced 24 

Found reduced 5 
1 Death 
Mortality 1.8% 








TECHNIQUE OF CLOSED TREATMENT 
When a patient is considered a good candidate for primary enema trial, 

he is immediately sent to the radiologist for a scout film and fluoroscopy. A 
nonlubricated No. 16 F Foley catheter is inserted into the reetum and the bulb 
is inflated. A barium suspension is allowed to run into the tube under a 
gravity pressure of not over 3 feet. In a typical ease the barium may be seen 
meeting the obstruction (Fig. 1). The barium flow may stop at this point 
or it may progress as the intussusception gives way (Fig. 2). When the re- 
duction is complete, the barium fills many loops of ileum (Fig. 3). If the re- 
duction is not at first successful, the patient is allowed to expel the enema, 
then one or two more trials follow. Never are over three trials made; no 
pressure greater than a 3 foot column is used; no anesthetic or manipulation 
is employed. Reduction is not considered complete unless the barium fills 
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the cecum fully and runs well out into the ileum. Additional criteria of sue- 
cessful reduction are expulsion of the barium with flatus and feces associated 
usually with a marked clinical improvement in the child. If, after this short 
trial, reduction is not plainly complete or is in the least doubtful, operation 
is promptly arranged. 





Fig. 1.—Barium meeting intussusception in Fig. 2.—Barium has passed hepatic 
transverse colon. flexure. 





Fig. 3.—Barium fills colon and many loops of ileum. 
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Fig. 4.—Case 1. 
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Barium meets intussuscep- Fig. 5.—Case 1. 
tion at hepatic flexure. 


Fig. 6.—Case 1. 


Intussusception completely 
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Same point of obstruction, 
lateral view. 
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Fig. 9.—Case 3. General small intestinal gas in late intussusception. 
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CASE REPORTS 


There is no need for detailed case reports but three examples may }y 
illustrative. 

CASE 1—A boy, aged 3 years, had pain and cramping for 18 hours, A mass wa 
present in his right upper abdomen. Under fluoroscopy, the barium was seen meeting a) 
obstruction at the hepatic flexure, then quickly advancing until it filled the lower ileu 
(Figs. 4, 5, 6). 

CASE 2.—A 4-vear-old boy had complained of pain for 3 days. Recent stools cor 
taine:l mucus and blood. A mass could be palpated in the upper abdomen. Here again, 
under fluoroscopy, barium met an obstruction at the hepatic flexure, then advanced rapidl) 
well into the ileum (Figs. 7 and 8). The complete reduction was associated with immedi 
ate symptomatic relief and there was no recurrence of symptoms. He was dismissed from 
the hospital on the following day after a plain film of the abdomen showed no small in- 
testinal gas. 

CASE 3.—A boy, aged 2 years, had been sick for 2 days with spasms of abdominal 
pain, On the day of admission, there had been 4 stools containing mucus and _ blood. 
His abdomen was distended but no mass could be palpated. A scout film showed general 
small intestinal dilatation (Fig. 9). One trial was made with barium which stopped in 
the right colon. Due to the duration of symptoms and the abdominal distention, no ad- 
ditional enema trial was made. At operation, manual reduction of the intussusception 
was easily accomplished and an excellent convalescence followed. This case is reported 
to emphasize that caution is the first consideration in selecting the method of treatment. 


LIMITATIONS OF PRIMARY CLOSED TREATMENT 


While primary closed treatment, especially in early cases, has gained 
favor at the Denver Children’s Hospital due to its simplicity, its lower mor- 
bidity, and its economic saving, this method has definite limitations which 
must be stressed to avoid overenthusiasm. One or 3 or 5 successful cases do 
not set up a standard of treatment the results of which may prove disastrous 
if these limitations are not strictly observed. 

If primary barium enema is to be given a trial, it must be demanded 
(1) that the patient be admitted to the hospital as an inpatient, (2) that a 
trained roentgenologist handle the actual technical procedure, (3) that the 
roentgenologist never be influenced to raise the barium column over 3 feet 
or to use any manipulation, (4) that there be absolute certainty of reduction 
as shown by complete outlining of the cecum and unrestricted filling of ileal 
loops, and (5) that the surgeon be present and proceed with operation with- 
out delay for clinical observation if there is any question of complete reduec- 
tion. The patient must remain under observation in the hospital for 24 to 
48 hours to be watched for any possible small intestinal obstruction or for a 
recurrence. A scout film of the abdomen during this time is usually made as 
an added precaution. Only if all these limitations are strictly observed should 
any attempt at closed reduction be permitted. 


DISCUSSION 


This report is not intended to emphasize the advantages of any special! 
form of treatment, though results at the Denver Children’s Hospital may 
show reason for a broader viewpoint than is sometimes expressed. An at- 
titude of always operation and never closed reduction has not been changed 
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to always primary enema and never immediate operation. There has been, 
however, a trend toward primary enema in proper cases with operation to 
he expected in many. The facts that over one-fourth of our cases in the last 
10 years were successfully handled without operation; that in our cases, pre- 
liminary barium enema has never caused a delay interfering with recovery ; 
and that enema has actually improved surgical results due to its diagnostic 
value alone make consideration of primary closed treatment almost man- 
datory. It must be appreciated that successful ileocecal reduction does not 
rule out small intestine intussusception as from tumor or diverticulum. The 
surgeon in charge must be constantly alert as to the possibility of higher 
obstruction and act accordingly as he would in any such case from some 
other cause. 

CONCLUSIONS 

One hundred cases of intussusception were admitted to the Denver Chil- 
dren’s Hospital during the 10 years ending Jan. 1, 1956, with death in but one 
treated case where operation followed diagnostic enema. This mortality rate 
of 1 per cent must be increased to 3 per cent if 2 moribund untreated eases 
are included. 

Of these 100 cases, 26 were treated successfully by barium enema alone, 29 
were treated by preliminary barium enema followed by surgery, and 43 were 
treated by surgery alone. Appendectomy apparently carried no added risk. 
Reeurrence was rare but slightly more common after closed reduction while 
late adhesive obstruction was seen in 2 cases after operation. 

3arium enema has resulted in sufficient successes during this period that 
its use as a primary method of diagnosis and treatment has been on the in- 
crease. It is realized that it should not be universally advocated, that its 
value is greatest in the early cases, that the criteria of successful result must 
be carefully evaluated, and that surgery must follow if these criteria are not 
rigidly met. Surgery is still an excellent and satisfactory treatment though 
it too has its requirements for success. In most late cases, surgery is the 
logical resort. 
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THE PHYSIOLOGIC EFFECTS OF VARIOUS TYPES OF 
GASTRECTOMY ON GASTRIC ACID PRODUCTION WITH 
SPECIAL REFERENCE TO THE FUNCTION OF THE 
DENERVATED GASTRIC ANTRUM 


ALAN P. THat, M.B., Cu.B.,* JoHN F. Perry, Jr., M.D.,** ANp 
OwEN H. WANGENSTEEN, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


N THE design of a suitable operation for the treatment of chronic peptic 

ulcer, the results of any particular surgical procedure must be carefully 
studied for unusual effects on parietal cell activity. Many operations which, 
at first, seemed so logically aimed at the therapy of ulcer proved ultimately 
to abet the development of this disorder. Thus, the Schmilinsky procedure,’ 
the Roux-Y operation, and gastrojejunostomy® were found, after long clinical 
trial, to be associated with a high rate of ulcer recurrence. Subsequent ex- 
perimental study has shown that the majority of these procedures bring about 
hyperactivity of the antral phase of gastric secretion.’» *° Similar antral 
hyperactivity is seen following simple vagotomy.’ Long experience has shown 
that the 75 per cent gastric resection with gastrojejunostomy is associated 
with the lowest incidence of ulcer recurrence.” '* There are, nevertheless, sev- 
eral disadvantages to this procedure. These involve chiefly the technical 
difficulties of the severely diseased duodenum and the occasional occurrence 
of an almost ineapacitating dumping syndrome. Recently, several new ap- 
proaches to this problem have been devised." It is the purpose of the present 
paper to investigate physiologically the effect of some of these new procedures 
on parietal cell activity and to explore certain relationships between vagus 
and antral function. 

METHODS 


The antral phase of gastric secretion was studied in the Heidenhain pouch 
preparation. Healthy mongrel dogs, 15 to 20 Kg., of both sexes were used 
throughout these experiments. Small Heidenhain pouches were made from 
the greater curvature of the stomach, and pouch secretion was drained ex- 
teriorly by a plastic flexible Tygon cannula, sheathed externally by a stainless 
steel cuff. Postoperatively the animals were allowed to convalesce for 4 weeks 
before being studied. Collections were made 3 times weekly, and the response 
to a 200 Gm. cooked horse meat meal was measured over an 8-hour period. 
Volume and free hydrochloric acid were measured. At least 20 control stands 
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were obtained prior to reoperating on the animal. When a satisfactory con- 
trol period had been established, various types of gastric operations were per- 
formed. Again the animal was allowed a 4-week convalescent period prior 
to starting collections. The various operative procedures studied are dia- 
gramed in Fig. 1. 












Tubular gastrectomy 
Transverse gastroplasty 
Heineke Mikulicz 


Tubular 
resection 


loroplasty 
A. PY %, 
Segmental Segmental or 
resection Heineke Mikulicz 
pyloroplasty 
B. 
Method of 
Excision of reconstruction 
lesser 
curvature 4 
4 
Segmental Method of 
resection with reconstruction 
preservation of 
tral innervation 
antral inn rvation, My 
D. 
Small segmental Reconstruction { 
resection with 
of body of pyloroplasty 
stomach ¥ 
E. 


Fig. 1.—Methods of resection and reconstruction of various gastrectomies described in the text. 


Tubular Resection.—The tubular resection consists of wide excision of the 
greater curvature of the stomach, extending from the level of the antrum to 
the fundus. The stomach is then reconstituted by transverse closure. In 
some animals, a pyloroplasty of the Heineke-Mikulicz type was added. 

Segmental Resection.—In this operation, the body of the stomach is ex- 
cised and an anastomosis is performed between the antrum and the fundus. 
This operation is second only to total gastrectomy or esophagoantrostomy in 
the extent of parietal cell resection. However, it differs from both these pro- 
cedures in that about 10 per cent of the parietal cell mass is retained, and also, 
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the food pouch is considerably larger, although now composed entirely of the 
antrum and the fundus of the stomach. The operation was always combined 
with Heineke-Mikuliez pyloroplasty to facilitate emptying of the stomach. 

Segmental Resection With Preservation of the Antral Innervation.—This 
operation has been performed clinically in a number of cases by Ferguson” 
and differs only from the segmental operation in that the vagal fibers to the 
antrum and pylorus are carefully preserved, thus making it unnecessary ex- 
cept in cases of pyloric stenosis to perform a pyloroplasty. This operation 
then generally retains the physiologic pylorie reflex. 

Vagotomy.—A standard complete vagotomy was made in the chest. 

Excision of Lesser Curvature.—The lesser curvature from the level of the 
antrum to about 1 em. from the esophagus was excised for a width of about 
2 em. and the defect was closed transversely as illustrated in Fig. 1C. 

Small Segmental Resection of the Body of the Stomach.—In this operation, 
the stomach is transected immediately above the antrum and a small portion 
of the body of the stomach measuring 2 inches on the lesser curvature and 
about 3 inches on the greater curvature is resected. A Heineke-Mikuliez py- 
loroplasty is added to facilitate emptying. 

Billroth I and Billroth IT—After resection of approximately 75 per cent 
of the distal stomach, gastrointestinal continuity was restored by gastroduo- 
denostomy and gastrojejunostomy. In either case, a Hofmeister type of par- 
tial closure of the gastric stoma was performed as illustrated in Figs. 7 and 8. 


EXPERIMENTAL 


Tubular Resection.—The tubular resection presents a method for reducing 
by about 70 per cent the parietal cell mass of the stomach. Moreover, the 
lesser curvature and gastroduodenal continuity of the vagus nerve is pre- 
served. This has several theoretical advantages, principal among which are 
the maintenance of the pyloric reflex and also preservation of the duodenal 
control of gastric secretion. The transverse gastroplasty results in the forma- 
tion of a fairly capacious stomach pouch. An important practical advantage 
of this operation is that it eliminates the problem of dealing with the difficult 
duodenum. 


TABLE I. Errect oF TUBULAR RESECTION ON HEIDENHAIN POUCH SECRETION 

















CONTROL | 7 POSTOPERATIVE 
NUMBER OF MEAN NUMBER OF | MEAN 
DOG NUMBER STANDS MEQ./HCI | STANDS MEQ./HCI 

1 24 5.3 47 11.2 
2 21 0.9 28 3.7 
3 21 0.2 20 2.2 
4 20 1.3 31 6.7 
5* 22 0.82 35 5.19 
6* 20 0.2 15 2.1 
7? 20 0.5 24 3.5 
s* 22 0.9 23 8.6 


*No pyloroplasty. The remainder of the animals had a Heineke-Mikulicz pyloroplast) 
performed at the same time as the gastrectomy. 
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Eight suitably controlled Heidenhain pouch dogs were reoperated upon, 
and standard tubular gastrectomies were performed. In 4 of these animals, 
Heineke-Mikulicz pyloroplasties were also added. Postoperative study of 
these animals revealed a uniform hypersecretion of the Heidenhain pouch as 
indicated in Table I. A typical response of the Heidenhain pouch after tu- 
bular gastrectomy is shown in Fig. 2. As the Heidenhain pouch preparation 
largely reflects antral hormonal activity, it is quite evident that the output of 
gastrin is consistently increased by the tubular resection. This finding proved 
to be rather surprising but not without precedent, as many gastric operations 
in which the antrum is retained are associated with excess gastrin liberation. 
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Fig. 2.—Heidenhain pouch output following tubular gastrectomy. The results were essentially 
similar in the group with pyloroplasty (Table I) 


This has been found to be true after vagotomy,’ antral exclusion,?® and gastro- 
jejunostomy.’ Thus, superficially these procedures would appear to have an 
effect opposite to that desired. Studies of nearly 200 tubular gastrectomies 
performed for duodenal ulcer indicate that while mild postprandial distress 
may oeeur in approximately the same proportion as the Billroth II type of 
gastrectomy, severe or incapacitating dumping does not occur. In this group 
of patients closely followed from 1 to 5 years, only 2 proven recurrent ulcers 
have been detected, although the data already presented would indicate the 
probability of further recurrences. 

Segmental Gastrectomy.—A modification of the earlier sleeve gastrectomy 
was designed in this ciinie in 1949 to overcome the several problems associated 
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with the Billroth procedures. This operation has definite advantages: (1) 
it eliminates the problem of the difficult duodenum; (2) gastroduodenal con- 
tinuity is maintained; and (3) not a single instance of ulcer recurrence has 
been noted in a group of 87 patients followed for more than 5 years. The 
operative and clinical details of this procedure have been deseribed previ- 
ously.'*? In essence, the body of the stomach is resected and an anastomosis is 
performed between the fundus and antrum. As the lesser curvature and its 
attendant vagal branches to the antrum and pylorus are included in the re- 
section, it is necessary to perform a pyloroplasty to facilitate emptying of the 
gastric pouch. The results of segmental gastrectomy on a controlled series of 
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Response to 200 gms Meat Meal 
Fig. 3.—Heidenhain pouch output following segmental gastric resection and pyloroplast) 
(Table II). Subsequent supradiaphragmatic vagotomy resulted in a markedly increased 
secretion. 
Heidenhain pouch dogs is shown in Table II, and a typical experimental ani- 
mal is shown in Fig. 3. It will be seen that this operation produces in the 
Heidenhain pouch animal either a diminution of pouch secretion or an ap- 
proximate maintenance of the control level. The marked hyperseeretory effect 
which characterized the tubular gastrectomy is uniformly absent in this group. 
It was rather a surprising finding that operations such as the tubular and 
segmental gastrectomies which are superficially very similar should consis- 
tently show so marked a difference in antral activity. The residual stomach 
pouch in both operations is made up principally of the fundus and antrum of 
the stomach. However, the tubular operation differs in that the lesser curva 
ture and vagus supply to the antrum remain intact, whereas in segmental 
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gastrectomy the lesser curvature is excised and the antrum is completely de- 
nervated. In order to explore these two factors, further studies were carried 
out. 


TABLE II. Errect 0F SEGMENTAL RESECTION ON HEIDENHAIN POUCH SECRETION 








CONTROL | POSTOPERATIVE 


NUMBER OF MEAN NUMBER OF MEAN 
DOG NUMBER STANDS MEQ./HCl STANDS MEQ./HCl 
9 22 1.9 35 
10 20 , 28 
11 20 : 23 
12 21 “ 25 
13 23 ; 20 











Resection of the Lesser Curvature.—A group of control Heidenhain pouch 
dogs was reoperated upon and the lesser curvature from the level of the an- 
trum to about 1 em. from the esophagus was resected. This operation is illus- 
trated in Fig. 1. Study of these animals postoperatively showed no significant 
rariation from the control levels. No antral hyperactivity was apparent in 
the Heidenhain pouch preparation. 

Small Resection of the Body of the Stomach.—This operation is illustrated 
in Fig. 1 and resembles the segmental resection in all respects except the ex- 
tent of parietal cell resection. The resultant gastric pouch is large. Heiden- 
hain pouch studies as shown in Table III show no hypersecretory effects and 
in this respect compare favorably with the results of the large segmental re- 
section summarized in Table IT. 


TABLE III. EFrrect oF SMALL SEGMENTAL RESECTION OF THE BoDyY OF STOMACH ON 
HEIDENHAIN PotcH SECRETION 











NUMBER OF MEAN NUMBER OF MEAN 
DOG NUMBER STANDS MEQ./HCl STANDS MEQ./HCI 
14 21 | 25 2.6 
15 24 : 20 
16 20 . 22 
iy 20 ; 18 


CONTROL | POSTOPERATIVE 








The Effect of Dividing the Vagus Nerve Supply to the Antrum in the Hy- 
persecreting Tubular Preparation —tThe vaseular and nervous structures along 
the lesser curvature were carefully divided in 4 Heidenhain pouch dogs upon 
which tubular gastrectomy had been performed previously. It should be men- 
tioned that the antrum remained pink and viable after this procedure. At the 
completion of the operation, there were no evident remaining vagal twigs 
along the lesser curvature. The pouch secretion following such a procedure 
is Shown in Fig. 4. It will be seen that there is an initial fall in pouch secre- 
tion which, however, does not reach the control level. This diminished antral 
activity was noted to persist for as long as 3 months in some animals. How- 
ever, at the end of this period, pouch secretion progressively increased and 
by 4 to 6 months had returned to the hyperseeretory levels which characterized 
the tubular gastrectomy (Fig. 4). This finding suggested that after denerva- 
tion, the antrum becomes less sensitive to stimulation, The uniform return of 
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antral hyperactivity after 3 to 4 months raises the possibility of nerve re- 
generation and reinnervation of the antrum. Certainly, the antral denerva- 
tion performed on the tubular preparation in this experiment is less complete 
than in the segmental gastrectomy where the resection of a 5 to 7 em. length 
of lesser curvature together with division of the diaphanous gastrohepatic 
omentum ensures complete antral denervation. Regeneration along incom- 
pletely divided vagal twigs, therefore, probably explains in large measure the 
ultimate return of a hypersecretory pattern in this experiment. 
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Fig. 4.—Showing the effect of antral denervation in temporarily decreasing the hyper- 
secretion produced by tubular gastrectomy. Re-evaluation 4 months later shows return to 
hypersecretory levels. 


Segmental Resection With Preservation of the Vagal Innervation to the 
Antrum.—In order to study further the activity of the innervated antrum, seg- 
mental gastric resections were done on 4+ Heidenhain pouch dogs in an identical 
fashion to that of the segmental resection described previously, with one ex- 
ception: the vagal nerve fibers to the antrum extending along the lesser curva- 
ture were carefully identified and preserved. In all other respects this opera- 
tion was identical to the segmental gastrectomy. In Table II, as indicated above, 
segmental gastrectomy with a denervated antrum resulted either in hyposeere- 
tion from the Heidenhain pouch or maintenance of approximate control levels. 
As will be seen from Fig. 5, the preservation of the vagal nerve supply to the 
antrum uniformly resulted in a hyperseeretory pattern which quite strikingly 
resembles that seen in the tubular gastric resection. Taken together, these find- 
ings then suggest that the innervated antrum is more sensitive to chemical and 
mechanical stimuli than is the denervated antrum. This concept is further sup- 
ported by the work of Savich,’* who demonstrated that cocainization of the an- 
trum considerably reduced its hormonal activity. 
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5.—Heidenhain pouch output following segmental gastrectomy and pyloroplasty. In this 
animal, the vagal nerves to the antrum were carefully preserved. 
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Fig. effect of supradiaphragmatic vagotomy on Heidenhain 


— of an animal which had previously had a tubular gastrectomy and denervation of the 
antrum. 
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The Effect of Supradiaphragmatic Vagotomy on the Heidenhain Pouch 
Secretion of Dogs With Tubular or Segmental Gastric Resections.—V agotomy 
at the supragastric level has been shown to produce an exaggeration of the 
antral phase of gastric secretion.’ It seemed to be of interest to study the 
effect of high vagotomy after tubular and segmental gastrectomies. The re- 
sults of typical experiments are shown in Figs. 3 and 6. It will be seen that in 
spite of the marked hypersecretion produced by the tubular gastrectomy 
(Fig. 6), the addition of the supragastric vagotomy several months later pro- 
dueed over a threefold increase, although these animals had large Heineke- 
Mikuliez pyloroplasties to facilitate gastric emptying. Similarly, in the seg- 
mental gastrectomy as shown in Fig. 3, the addition of a thoracic vagotomy 


induced a very marked hyperseeretion. While it has been proposed that 
gastric retention is the cause of the antral hyperactivity induced by supra- 
gastric vagotomy, this explanation was not tenable in the present experiment 


as gastric emptying times, after segmental and tubular gastrectomy deter- 
mined fluoroseopically before and after vagotomy, were not significantly 
changed. It should be added parenthetically that fluoroscopic study of gastric 
motility in the segmental preparations uniformly showed active antral mo- 
tility, although the antrum had been completely denervated. Thoracic vagot- 
omy in an animal with a normal stomach results in a distended atonie viscus. 
The small size of the stomach in the experimental animals, loss of distensible 
greater curvature, and patulous pyloroplasty apparently acting together al- 
lowed rapid gastrie emptying. 


Billroth I and Billroth IT.—For comparison, Billroth I and II type gastree- 
tomies were performed on 8 controlled Heidenhain pouch dogs. Typical re- 
sults are illustrated in Figs. 7 and 8 and Tables IV and V. As might be ex- 
pected, regular depression of Heidenhain pouch secretion follows. In effect, 
this represents the effect of antrectomy on the humoral phase of gastrie secre- 
tion. Residual gastric secretion in these preparations then is a function of 
the mass of parietal cells remaining to respond to cephalic stimulation. 


TABLE IV. EFFECT OF BILLROTH I RESECTION ON HEIDENHAIN POUCH SECRETION 


CONTROL POSTOPERATIVE 
NUMBER OF MEAN NUMBER OF MEAN 
DOG NUMBER STANDS MEQ./HCl STANDS MEQ./HCI 
; 18 20 3.5 30 0.4 
19 21 1.2 24 0.2 
20 19 1.2 36 0.06 
21 20 6.0 25 0.6 

















TABLE V. EFFECT OF BILLROTH II RESECTION ON HEIDENHAIN PoUCH SECRETION 





CONTROL POSTOPERATIVE 
NUMBER OF MKAN NUMBER OF MEAN 
DOG NUMBER STANDS MEQ./HCl STANDS MEQ./HCI 
a 20 5.6 36 0.01 
23 23 5. 28 0.2 
24 20 2. 30 0.4 
25 20 3. 31 0.1 

















Veloans . EFFECTS OF GASTRECTOMY ON GASTRIC ACID PRODUCTION 
Number 





No. 1326 


TOO WO oo tect 

















IT aml Lo 


(2) Average .O6 Average 























Individual 8 hour stands 
Response to 200 gms meat meal 











Fig. 7. 










































































ie ae inl 














5.60 Average Ol8 Average 
Individual 8 hour stands 











Response to 200 gms meat meal 
Fig. &. 


Figs. 7 and 8.—Heidenhain pouch output after Billroth I gastrectomy. The decrease in the 
gastric phase of secretion consistently follows resection of the antrum. 
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DISCUSSION 


It is quite evident that antral hyperfunction occurs in some operations 
designed for the therapy of duodenal ulcer. This has proved true in th 
antral exclusion operation of Eiselsberg,‘ in the Schmilinski procedure,’ 
and following gastrojejunostomy and vagotomy.’ Similarly, it is quite evi- 
dent from the results reported in the present paper that hyperactivity of the 
gastric antrum regularly follows the tubular type of gastrie resection. These 
findings emphasize the possibility of ulcer recurrence after tubular gastree- 
tomy. To date, 2 proven recurrences and 1 questionable recurrence have 
been detected in 200 patients followed from 1 to 5 years. In view of these ex- 
perimental and clinical results, tubular resection is no longer performed in this 
elinie. 

On the other hand, the segmental type of gastrie resection which is closely 
allied to the tubular has now been shown experimentally to be unassociated 
with antral hyperfunction. The lessened acid secretion which follows the 
segmental preparation is further borne out by clinical studies which reveal 
that the vast majority of these patients are achlorhydric,’* and gastric pepsin 
secretion is markedly reduced.'! Moreover, in a series of 87 segmental resee- 
tions performed between 5 and 8 years ago and closely followed, not a single 
instance of uleer reeurrence has been discovered. 

Apart from the direct practical aspects, these observations would appear 
to have some pertinence for the understanding of the function of the gastrie 
antrum. The experiments detailed above demonstrate that the completely 
denervated unobstructed antrum, as is seen in segmental resection with py- 
loroplasty, uniformly fails to show any increased gastrin production. More 
commonly in this preparation, there is a distinet depression of the gastric 
phase of secretion. Even partial denervation of the antrum of the tubular 
preparation resulted in a temporary lessening of antral hyperactivity. These 
findings also gain support from the work of Savich'® who demonstrated that 
coeainization of the antral mucosa resulted in a definite lessening of gastrin 
secretion, and more recently, Woodward'® has shown that the topical applica- 
tion of proeaine or atropine has a similar effect. Taken together, these find- 
ings indicate clearly that the abolition of parasympathetic innervation to the 
gastrie antrum results in a depression of the activity of this strueture. How- 
ever, even the denervated antrum when completely or partially obstructed 
may be eaused to hyperfunction as is shown in the antral transplantation 
experiments of Dragstedt.” * 

It is difficult to find an adequate explanation for the antral hyperactivity 
induced by the tubular preparation. However, the architectural reconstrue- 
tion following tubular resection is such that the antrum which normally is 
maintained in an empty state now becomes a major portion of the food reser- 
voir of the stomach. Under these altered cireumstanees, it is subject to con- 
tinued distention by food and saliva. In an antrally innervated preparation 
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such as is present in tubular gastreetomy, the state of continued mechanical 
distention of the antrum may produee sufficient stimulation to bring about 
an excessive output of gastrin. 

It is also evident from these experiments that supradiaphragmatie vagot- 
omy results in extreme antral hyperactivity in all preparations including the 
segmental. Two explanations for this vagotomy effect have been put forward. 
First, vagotomy induces an atonie state of the stomach and often rather pro- 
longed gastric distention by food material. This in itself might produce con- 
tinued antral distention and hyperactivity. However, in the many fluoro- 
scopic examinations which were made in both the tubular and segmental 
preparations, this explanation was not tenable as gastric emptying times de- 
termined before and after vagotomy were not significantly changed. A 
further explanation is that vagotomy by abolishing the cephalic secretion of 
acid from the parietal cells brings about a loss of the normal inhibitory effect 
of acid on the antrum. This latter explanation seems more reasonable in the 
present instance in that conversion of the segmental gastrectomy into an 
esophagoantrostomy by resection of the small fundie pouch brings forth an 
extreme antral hyperfunction quite comparable to that seen after vagotomy. 
This finding is further supported by the studies of Brackney, Campbell, and 
Wangensteen'* who demonstrated the marked antral hyperfunction which 
follows esophagoantrostomy. It is of interest that the small volume of acid 
which can be secreted from the tiny residual fundie pouch after segmental 
gastrectomy is sufficient to hold the antrum in check. Conversely, loss of this 
acid secretion following either supragastric vagotomy or proximal gastrec- 
tomy with esophagoantrostomy releases an excessive output of gastrin from 
the antrum. 

It is generally accepted that the antral hyperfunction which regularly 
follows supragastric vagotomy results from loss of the normal inhibitory effect 
of acid on the gastric antrum. This is not an entirely satisfactory explana- 
tion. If the secretion of the proximal stomach under these conditions cor- 
responds with the hypersecretion of the Heidenhain pouch, then the antrum 
should be bathed constantly in acid; yet there is complete failure of antral 
inhibition. The possibility, therefore, exists that the juice seereted by the 
gastric mucosa in response to vagal stimulation contains not only acid and 
pepsin but also a specific antral inhibitory substance. Loss of such a sub- 
stance might well be responsible for the unbridled activity of the gastrie an- 
trum after vagotomy. 

In those operations in which the antrum is retained, careful study of its 
behavior under these altered circumstances should be made. However, where 
an adequate resection of the parietal cell mass has been accomplished, the 
likelihood of ulcer recurrence is reduced to a reasonable level. 


SUMMARY 


The effect on Heidenhain pouch secretion was studied after tubular and 
segmental gastrectomy. Tubular gastrectomy regularly resulted in marked 
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hypersecretion of acid gastric juice from the Heidenhain pouch. This effect 


was conspicuously absent following the segmental operation. In seeking for 
the explanation for so opposite a result in two procedures which superficially 
resemble each other, it was found that if the vagus innervation of the antrum 
were preserved during segmental gastrectomy, a hypersecretory pattern re- 
sulted. Conversely, division of the vagus fibers to the antrum after tubular 
gastrectomy brought about a temporary diminution in gastric secretion. These 
findings suggest that vagal denervation of the gastric antrum brings about a 
state of lessened responsiveness to chemical and mechanical stimuli. 
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THE EFFECT OF CHLORPROMAZINE ON NONHEMORRHAGIC 
SHOCK IN THE RAT 


CyriL J. JoNEs, M.D., AND CHARLES B. Ripstein, M.D., NEw York, N. Y. 
(From the Department of Surgery, Albert Einstein College of Medicine) 


ECENT studies have indicated that chlorpromazine exerts a favorable in- 
fluence on the mortality of hemorrhagic shock in experimental animals. 
Courvoiser? observed that this drug, given to dogs immediately after severe 
hemorrhage, provided complete protection against a shock state which caused 


a mortality of 83 per cent in a eontrol group. Hershey, Guecione, and 
Zweifach* found that rats pretreated with chlorpromazine showed a significantly 
increased survival rate when subjected to hemorrhagic hypotension. The pres- 
ent study was designed to determine the effect of chlorpromazine on traumatic 
shock of nonhemorrhagie type. 


METHODS AND RESULTS 


The technique used for producing traumatic shock was that deseribed by 
Noble and Collip.*® This is a quantitative method uneomplicated by hemor- 
rhage, infection, or anesthesia, and when rats are subjected to this type of 
shock the number of animals dving is directly related to the amount of trauma. 
The animal’s hind paws are taped together and it is placed in a circular drum 
which has two projections on the side. During rotation of the drum the animal 
is carried a short distance up the side of the projection and then dropped. 
The amount of trauma, therefore, is related to the number of turns of the 
drum and is reflected in the mortality curve. In the apparatus used, four 
drums were connected to the same drive, permitting the use of paired control 
and experimental animals (Fig. 1). The drums were rotated at a speed of 
40 r.p.m. 

Following trauma, the animals were returned to their cages and a record 
was made of their survival up to 24 hours. Animals alive at this point were 
recorded as survivals. The period of effectiveness of chlorpromazine in rats 
is known. The peak is reached within 40 minutes after subcutaneous injec- 
tion and is maintained for 5 to 6 hours.! 

The rats used in these experiments were of the Wistar strain maintained 
in the laboratory and were selected so that they weighed from 150 to 190 Gm. 
at the time when they were subjected to trauma. All adrenalectomized ani- 
mals were given 0.9 per cent sodium chloride to drink instead of water irre- 
spective of whether or not they received other treatment. If these animals 
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survived shocking they were placed on plain water after a few days. Unless 
a loss of weight and death followed within 2 weeks, the animals were diesarded 
and considered to be incompletely adrenalectomized. 

In the initial experiments, normal untreated animals of both sexes were 
rotated for a total of 700 revolutions. The results are recorded in Table I. 
It may be seen that of 40 male rats which were subjected to 700 revolutions 
19 were killed, dying within 20 minutes to 6 hours after removal from the 
drum. Female rats were treated in similar fashion and of 56 drummed, 41 
were killed. 








Fig. 1.—Four paired drums geared to a single motor to permit the use of paired controls. 























TABLE I 
MG./KG. | NUMBER inne SURVIVAL 
OF CHLOR- | OF REV- DIED LIVED PER 
GROUP | PROMAZINE|OLUTIONS| FEMALE | MALE | TOTAL | FEMALE | MALE | TOTAL CENT 
A 0 700 41 19 60 15 21 36 37.5 
B 20 700 4] 38 79 100 
C 5 700 19 19 100 
D 3 10 10 100 
E 0 1,000 10 10 0 
F 20 1,000 2 2 10 10 73.4 
G 0 1,300 10 10 0 
H 20 1,300 4 4 4 } 50 





A second group of animals were given a subcutaneous injection of ehlor- 
promazine one hour before drumming. The dosage was 20 mg. per kilograms 
of body weight. The results are recorded in Table 1. Of 38 male rats which 
were given chlorpromazine and later were subjected to 700 revolutions, none 
were killed. Of 41 similarly treated female rats, none were killed. Additional 
experiments were then performed with smaller amounts of the drug. Nineteen 
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female rats each received 5 mg. of chlorpromazine per kilogram of body weight. 
One hour later they were spun 700 times at the rate of 40 r.p.m. Following 
completion of the run they were returned to their cages. At the end of 24 
hours all were alive and well. Ten additional rats each received 2 mg. of 
chlorpromazine per kilogram of body weight. One hour later they too were 
spun and returned to their cages. At the end of 24 hours all were alive and 
well. 





Fig. 2.—Gross visceral changes in chlorpromazine-treated and control rats after 700 revolu- 
tions. 


Pairing control animals with chlorpromazine-treated animals and using 
20 mg. per kilogram of body weight, we inereased the number of revolutions 
(new rats were selected for each of the experiments described in this paper, 
tor these animals develop partial resistance to drum trauma on repeated tum- 
bling).© Groups were subjected to 1,000 turns and 1,300 turns. All 10 un- 
treated rats and 2 of 12 treated rats died when tumbled 1,000 times. At 1,300 
turns the 10 untreated and 4 of the 8 treated rats died. The animals that 
died all had massive intraperitoneal or intrathoracic hemorrhages resulting 
from ruptures of the spleen, liver, aorta, or lung. 

Nonexperimental animals were removed from their cages and placed in 
jars along with experimental animals which had been drummed. Chloroform 
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was added. This operation was done quickly, as soon as the drums had com 
pleted the seven-hundreth turn. Death from chloroform poisoning followed 
in a few minutes. As may be seen in Fig. 2, the gross changes at post-mortem 
examination of untreated experimental rats tumbled 700 times were as follows: 
the viscera in the thorax and abdomen were dusky in color, the heart was 
dilated and the lungs were limp, there were extreme vascular dilatation, en 
gorgement, and congestion of the mesentery and bowel; sections of the bowe! 
were deep purple in color; and as compared with normal rats (nonexperimenta! 
the chlorpromazine-treated experimental animals showed no such changes 
(Fig. 2). 

Two additional experiments were conducted with normal animals. Male 
and female rats were given neomycin and Terramyein by the oral route for 
48 hours and then were drummed with and without prior injection of chlor- 
promazine. Individual stool cultures were performed on each animal, before 
the administration of the antibiotics. Escherichia coli and Bacillus proteus 
were obtained from each rat. The antibiotics were dissolved in the drinking 
water and it was estimated that each rat consumed a total of 30 to 36 mg. 
of each drug during the following 48 hours. At the end of this period individ- 
ual stool cultures were again taken. There was no growth in any instance. 
Of 16 rats treated with oral antibiotics in this manner and drummed a total 
of 700 turns, 12 died, a survival rate of 25 per cent. Of 8 rats treated in a similar 
fashion but given in addition 5 mg. of chlorpromazine per kilogram of body 
weight 60 minutes prior to drumming, 2 died, a survival rate of 75 per cent. 
These results indicate that sterilization of the intestine does not lower the 
mortality rate of rats subjected to trauma in the Noble-Collip drum (Table IT). 

















TABLE II 
MG./KG. OF 4 
CHLORPROM- NUMBER OF SURVIVAL 
GROUP AZINE REVOLUTIONS DIED LIVED TOTAL | PER CENT 
A 0 700 12 4 7 16 — BB 
TI 5 700 2 6 8 75 





Rats received neomycin and Terramycin by the oral route for the 48 hours prior to 
drumming. 


To test the probability that repeated injections of chlorpromazine might 
diminish the response of the rat to this drug, the following experiment was 
conducted. Ten male rats and 9 female rats each received 5 mg. of ehlor- 
promazine per kilogram of body weight daily for 4 days. On the fifth day and 
one hour following an injection of chlorpromazine, each rat was spun 700 times. 
During the following 24 hours one male rat died. See Table III. 


TABLE IIT 























MG./KG. | NUMBER | Se | SURVIVAL 
OF CHLOR- | OF REV- DIED _ LIVED PER 
GROUP |PROMAZINE|OLUTIONS| FEMALE | MALE | TOTAL | FEMALE | MALE | TOTAL CENT 
A2 5 700 0 l 1 9 9 18 94.8 





Rats received daily injections of chlorpromazine 5 mg. per kilogram of body weight for 
5 days. The final injection was given one hour prior to drumming. 
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Noble and Collip® have determined that removal of the adrenals from the 
rat renders this animal much more susceptible to this type of drum shock. An 
effort was made to determine if the same protective effect of chlorpromazine 
deseribed above was extended to the adrenalectomized rat. Female rats were 
maintained for 4 to 15 days after surgical removal of their adrenals and sub- 
jected to shock. They were spun only 450 times, for at 700 turns all adrenalec- 
tomized rats died. From Table IV it may be seen that of 20 animals, 14 died 
and 6 lived. A second group of adrenalectomized female rats were drummed 
following the administration of chlorpromazine, 20 mg. per kilogram of body 
weight. The results are recorded in Table II. Of 20 females spun 450 revolu- 
tions, 2 died and 18 lived. 























TABLE 1V 
MG./KG. OF 
CHLORPROM- NUMBER OF SURVIVAL 
GROUP AZINE REVOLUTIONS DIED LIVED TOTAL PER CENT 
A3 0 450 14 6 20 30 
B3 20 450 2 18 20 90 





The adrenals of these rats were removed 4 to 15 days prior to drumming and saline, 
0.9 sodium chloride had been substituted for their drinking water following surgery. 


DISCUSSION 

These studies demonstrate that chlorpromazine inereases the resistance of 
rats to the type of nonhemorrhagie shock developed by turning them in the 
Noble-Collip drum. Marked organie changes seen in the viscera of the con- 
trol animals do not appear in the chlorpromazine-treated group. These gross 
changes in the viscera of drummed control animals have been described by 
other workers® who have made particular reference to the facts: (1) that the 
gross disturbances in the intestines, that is, congestion, edema, and hemorrhage 
into the bowel wall, could be prevented by padding the animal’s abdomen with 
cotton and (2) that Nembutal anesthesia resulted in a slight increase in the 
susceptibility of the rat to drum trauma. Chlorpromazine protects the animal 
and prevents these gross changes despite the fact that this drug produces a 
moderate relaxation of the abdominal muscles. 

The effect of chlorpromazine is not exerted through the adrenal gland 
since the protective action exists in adrenalectomized animals. There is some 
evidence that this drug acts centrally on the hypothalamus, and further work 
is under way to determine the site of this action and the possible relationship 
of ehlorpromazine to other tranquilizing drugs and allied alkaloids and to the 
hallueinogens such as lysergic acid and diethylamicle (LSD). 

Fine and his co-workers® have demonstrated that pretreatment with anti- 
bioties decreased the mortality of hemorrhagic shock in dogs. This does not 
apply to drum shock in rats since sterilization of the intestinal traet did not 
affect the mortality and had no influence on the protective action of chlor- 


promazine. 
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SUMMARY 


1. Rats pretreated with chlorpromazine and subjected to trauma in tli 
Noble-Collip drum showed a marked increase in resistance to this form o 
nonhemorrhagie shock as evidenced by the differences in survival rate com 
pared to untreated controls. 

2. The protective action of chlorpromazine is exerted in adrenalectomized 
rats. 

3. The bacterial content of the rat intestine does not influence the action 
of chlorpromazine. 

4. The mechanism of action of this drug is being studied further. 
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VISUALIZATION OF GALL BLADDER AND BILE DUCTS 
FOLLOWING TRAUMA 


RESULTS OF StuDY WITH INTRAVENOUS CHOLOGRAFIN 
RoBERT S. SPARKMAN, M.D., AND C. RICHARD JJERNIGAN, M.D., DALLAS, TEX. 


(From the Department of Surgery of the University of Texas Southwestern Medical School) 


S A result of studies published in 1954, Howard® concluded that visualization 
A of the gall bladder was usually unsuccessful following injuries to any 
part of the body. Twenty-one subjects who had suffered trauma ranging from 
mild to severe in degree were studied during the week following injury; 
visualization of the gall bladder was accomplished in only 3 patients in this 
group. Additional studies were performed on 5 patients 8 to 10 days follow- 
ing injury, with visualization in only 2. As a consequence of these studies, 
Howard inferred that the gall bladder participates in a general body response 
to trauma by exhibiting a phase of decreased function for several days follow- 
ing injury. He considered that primary failure of gall-bladder function was 
the probable cause of nonvisualization under these circumstances. 

In an effort to obtain additional information concerning the response of 
the gall bladder to trauma, we have attempted to duplicate the conditions of 


Howard’s experiment but have substituted intravenous Cholografin* for the 
4 cholecystographic agents employed by him. 


METHODS OF STUDY 


Howard’s Method.—The investigations of Howard were conducted in Korea as a part 
of the work of the Surgical Research Team of the Army Medical Service Graduate School, 
United States Army. Observations were made on young men who had been healthy until 
wounded in battle. An attempt was made to select subjects representing varying grades 
of trauma. Casualties suffering direct trauma to the gall bladder were excluded. Wounds 
of the head, chest, abdomen, kidneys, and extremities comprised the bulk of the subject 
material, but single cases of appendicitis, strangulated hernia, and burn were included. 
Anesthetic agents included local, spinal, intravenous, and inhalation. 

Three different oral agents (Iodeikon, Telepaque, and Priodax) were utilized by 
Howard in an attempt to visualize the gall bladder. One of these, Iodeikon (sodium 
tetraiodophenolphthalein), was also given intravenously. The recently developed intravenous 
agent, Cholografin, was not employed in Howard’s series. Studies were performed as early 
as 12 hours and as late as 10 days after injury, the average interval being 3.8 days from 
injury until time of study. In several instances, two or more studies were performed 
upon the same patient. The series included one patient who had suffered direct trauma 
of the liver. 

Our Method.—Our subject material was derived from patients admitted to a city-county 
hospital. In selecting cases for study we have attempted to duplicate roughly the types 
and grades of trauma represented in Howard’s experiment. However, both men and 
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April, 195 
women were studied and no attempt was made to confine the selection to patients in the 
younger age groups. Subjects ranged in age from 16 to 67 years, with an average age of 
35. No preparation was employed prior to cholecystography. 

The technique of cholecystography consisted of preliminary conjunctival sensitivity 
testing followed by slow intravenous administration of 40 ml. of Cholografin.* Radio 
graphs were taken at intervals up to approximately 2 hours or until satisfactory visuali 
zation of the gall bladder had been accomplished. Flushing and nausea were observed 
occasionally; otherwise no adverse reaction was noted. 

The study group consists of 26 patients comprising 20 injuries and 6 illnesses. Cases 
of burn (2) and appendicitis (1) are included because such cases were represented in 
Howard’s series. Three cases of acute perforation of duodenal ulcer are also included, 
since Howard indicated that oral cholecystography is usually unsuccessful in this con 
dition. Cases of injury were selected to represent grades of trauma ranging from moder 
ate to very severe. Laparotomy had been performed for abdominal injury in 13 members 
of the group. Three instances of direct injury to the liver are included. 

Each patient in our series was subjected to one study only. The ages of this group 
ranged from 16 to 67 years, with an average age of 35, as compared with an age span of 
18 to 25 years in the group studied by Howard. With two exceptions all our studies were 
performed within 3 days after injury. The two exceptions were studied at 5 and 7 days, 
respectively. The average time lapse between injury and cholecystography was 2 days 
in our series as compared with 3.8 days for the group studied by Howard. From the 
standpoint of age of the subject and time of the test, the conditions of our study there- 
fore represent a more severe test of gall bladder function. 

Methods of study and results are compared and summarized in Table I. 


TABLE I, COMPARISON OF METHODS OF STUDY AND RESULTS 











| HOWARD’S SERIES | THIS SERIES 
SOURCE OF PATIENTS Mostly Korean conflict casualties City Hospital cases 
DEGREE OF TRAUMA Varying from slight to severe Selected to represent same types 
injury and range of trauma as in 
Howard’s series 
AGE AND SEX All young men, ages 18 to 25 Unselected as to age and sex 
years Average age: 35 
Extremes of age: 16-67 
CHOLECYSTOGRAPHIC Oral Telepaque, Priodax, and Intravenous Cholografin only 
AGENT lodeikon 
Intravenous lIodeikon 
TIME ELAPSE BETWEEN Average time: 3.8 days Average time: 2 days 
INJURY AND TEST Extremes of time: 12 hours to Extremes of time: 12 hours to 
10 days 7 days 
RESULTS OF TEST 54 studies on 22 patients 26 studies on 26 patients (24 of 
Visualization in only 3 patients which were performed within 3 
during first week after injury days after injury) 
No visualization in any patient Visualization in 24 of 26 patients 


who had brain, chest, or abdomi- 
nal injury 





RESULTS 


Results of Howard’s Study.—The study material of Howard comprises 54 
attempts at gall-bladder visualization in 22 patients. Intravenous lodeikon 
was employed 11 times,+ with visualization of the gall bladder in one instance 


*The material used in this study was the earlier form, Cholografin sodium, of which 
40 ml. is equivalent to 20 ml. of the newer product, Cholografin Methylglucamine. 


jHoward employed this agent in one healthy control only and reported hazy visualization. 
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only (a case of retroperitoneal penetration studied on the eighth day after 
injury). In the remaining 43 tests (using various oral agents) the gall blad- 
der was visualized in only 4 patients, as follows: (1) laceration of sealp, re- 
paired under local anesthesia, studied 1 day after injury; (2) traumatic ampu- 
tation of leg, studied 10 days after injury; (3) perforation of popliteal artery, 
studied 2 days after injury; and (4) traumatic amputation of foot and hand, 
studied 5 days after injury. The gall bladder was not visualized in any 
individual who had suffered injury to the brain, chest, or abdomen. Failure 
of visualization was also noted in one subject who underwent operation for 
incarcerated inguinal hernia and in one burned patient who received no anes- 
thetic. 

Forty-nine of the tests were performed during the first week after injury, 
with visualization in 3 and failure in 46. Five additional tests were performed 
8 to 10 days after injury, with success in 2 and failure in 3. 

Results of Our Study.—Single tests were performed on 26 patients at an 
average time of 2 days after injury. Seven penetrating wounds of the abdo- 
men and 3 penetrating thoracoabdominal wounds were ineluded in this group. 
The remainder of the group consisted of the following: 3 cases of nonpene- 
trating trauma of the abdomen and chest; 1 stab wound of the chest; 2 
wounds of the head and neck; 4 wounds of the extremities; 3 cases of acute 
perforated duodenal uleer; 2 burns; and 1 ruptured appendix. With the 
exception of those with burns, all patients underwent some type of operative 
procedure prior to cholecystography. 





The gall bladder was visualized in 24 of 26 patients studied. Failure of 
visualization was encountered in two instances (Case 1: automobile collision ; 
contusion of the right upper abdomen; fractured right twelfth rib; laparot- 
omy; study performed 56 hours after injury. Case 2: stab wound of the 
abdomen; laceration of the liver; hypotension; laparotomy; suture of the liver 
wound; study performed 1 day after injury). Clear visualization of the gall 
bladder was obtained in several instances despite recent severe trauma, 
laparotomy, and anesthesia. While visualization was hazy in several patients, 
it was at least sufficient to identify the gall bladder and to establish the fact 
that flow of bile in and out of this organ had not been abolished during the 
posttraumatic period. The time required for visualization of the gall bladder 
was comparable to that ordinarily required in subjects who have suffered no 
recent injury or operation. 

In general, visualization of the bile ducts was considerably less satisfac- 
tory than that of the gall bladder. Bile-duct visualization could be classed as 
good or excellent in only 6 patients in the group, while failure of visualization 
was noted in 5. Moreover, the time interval between injection of the contrast 
material and visualization of the bile duct was longer than the period usually 
required in otherwise healthy subjects. The bile ducts were rarely visualized 
prior to 30 minutes, and in some instances an interval] of 1 to 2 hours elapsed 
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Fig. 3. Fig. 4. 


Fig. 1.—Man, age 17. Stab wound of liver; hypotension. Suture of liver. Cholecyst- 
ography 12 hours after injury and 9 hours after operation. 

Fig. 2.—Man, age 18. Stab wound of abdomen; laceration of splenic artery, pancreas, 
stomach; hypotension. Splenectomy; suture of pancreas and stomach. Cholecystography 3 days 
after injury. 

Fig. 3.—Woman, age 51. Gunshot wound of pelvis and thigh; perforation of bladder 
Suture of bladder, cystostomy, débridement of thigh. Cholecystography 2 days after injury. 

Fig. 4—Man, age 29. Automobile collision; traumatic amputation of leg; low thigh 
amputation. Cholecystography 2 days after injury. 
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before any visualization of the ducts was apparent. While several patients 
had exhibited hypotension at some time following injury, adequate blood 
pressure levels had been restored in all patients prior to cholecystography. 


Analysis of cases and results of study are summarized in Table II. Illus- 
trative roentgenograms are shown in Figs. 1 to 4. 


DISCUSSION 


The factors which influence the successful performance of oral cholecystog- 
‘aphy are as follows: (1) absorption of the contrast agent from the gastro- 
intestinal tract; (2) circulatory transport of the agent to the liver; (3) ade- 
quate hepatic function to transfer the agent to the bile within an effectively 
short time; (4) pateney of the hepatic ducts and common bile duct; (5) 
the ability of the gall bladder to perform the function of concentration; (6) 
the ability of the gall bladder to fill and empty, which is related to the follow- 
ing: (a) the patency of the cystic duct, (b) the character of the contents of 
the gall bladder, and (c) the contractility of the gall-bladder wall. 

In intravenous cholecystography, the first factor, absorption from the 
gastrointestinal tract, is eliminated completely. The fifth factor, that of con- 
centration, is not essential to visualization of the gall bladder with Cholografin, 
since this agent is apparently excreted from the liver already in sufficient 
concentration to permit its visualization.? 

While some patients in each series exhibited hypotension at times follow- 
ing injury, both Howard’s studies and ours were performed only after ap- 
parent correction of blood volume deficits and restoration of adequate circula- 
tory status. Factor 2 is therefore not considered significant in the results 
obtained in either series. 

Since Howard’s study was performed on previously healthy subjects, the 
bile duets were presumably normal. This is also true in the group studied by 
us, where there was no history of antecedent disease of the biliary tract. It 
is reasonable to assume that Factor 4 was not significant in either of these 
groups. 

With respect to oral choleeystography, four factors remain as possible 
explanations for failure of visualization of the gall bladder following trauma. 
These are failure of absorption of the radiographic agent, impairment of 
hepatic function, failure of concentration of the agent by the gall bladder, 
and inability of the gall bladder to fill and empty. In seeking to explain fail- 
ure of the gall bladder to visualize in his subjects, Howard considered each 
of these factors at length. The latter two were dealt with under the com- 
posite heading of ‘‘gall-bladder function.’’ 


Failure of Absorption.—It was conceded by Howard that failure of gastro- 
intestinal function might be a factor of some importance. However, this was 
rejected by him as a basic cause of nonvisualization because of his inability 
in 8 subjects to obtain visualization with intravenous lodeikon. We do not 
believe that the absorption factor can be dismissed so readily. It should be 
emphasized that Iodeikon has never been entirely reliable as an intravenous 
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cholecystographie agent and that Howard performed only one contro] test 
with this agent, with a report of ‘‘hazy visualization.’’ Indeed, one of th 
principal evidences concerning impaired gastrointestinal function following 
trauma is to be found in a separate study conducted by Howard,® in which. 
following trauma, heavy water was found to undergo delayed absorption from 
the gastrointestinal tract for as long as a week following the return of “elini- 
cally normal” gastrointestinal function. 

As early as 1906, Cannon and Murphy*® demonstrated the profound effect of 
trauma or surgical manipulations on gastrointestinal motility. Barron, Curtis, 
and Lauer’ showed that abnormal intestinal motility persisted as long as 2 
weeks after laparotomy. The adverse effect of abdominal distention on gas- 
trointestinal absorption has been discussed at length by Wangensteen,’ Gius 
and Peterson,! and others. Maddock, Bell, and Tremaine’ have shown how 
readily abdominal distention may oceur under a variety of circumstances, in- 
cluding anesthesia, apprehension, and varying grades and types of surgical 
trauma. 

It is clear that impairment of gastrointestinal function affects to some 
degree the absorption of oral cholecystographic agents in the postoperative 
or posttraumatic state. The degree to which this factor is significant cannot 
be determined precisely. However, utilization of the intravenous route in the 
study of posttraumatic gall-bladder function offers the considerable advantage 
of eliminating this factor completely. 

Failure of Hepatic Excretion.—Uoward performed studies of liver function 
(Bromsulphalein retention) on 6 patients in his study group. Evidence of 
impaired hepatic function was manifest in these subjects, who showed reten- 
tion of Bromsulphalein often amounting to 20 to 30 per cent on the day of 
injury, with gradual return to normal during the ensuing week. Plasma bili- 
rubin levels were also found to be elevated. It was Howard’s opinion that 
this degree of hepatic impairment was not sufficient to account for failure of 
the gall bladder to visualize. In a later publication devoted entirely to the 
evaluation of hepatic function in battle casualties, Howard and associates* 
coneluded that ‘‘severe trauma places upon the liver an added burden of tre- 


” 


mendous magnitude. He described alterations in plasma bilirubin, Brom- 
sulphalein retention, urine urobilinogen, plasma prothrombin activity, cephalin 
flocculation, thymol turbidity, and glycogen metabolism in recently wounded 
soldiers. 

Our own studies disclosed one feature of interest regarding hepatic func- 
tion. In our group of 26 patients receiving intravenous Cholografin, visuali- 
zation of the bile ducts occurred slowly as compared with the speed of visuali- 
zation in otherwise normal subjects. Moreover, in 5 subjects the bile ducts 
were not visualized at all, while in 15 visualization was classed as poor to fair. 


In only 6 was it considered to be good or excellent. Nevertheless the gall 


bladder was visualized in 24 of the 26 subjects. These findings suggest that 
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posttraumatic hepatic functional insufficiency is a factor of some importance 


in determining the outcome of cholecystography attempted under these cir- 
cumstances. 

Primary Failure of Gall Bladder Function.—In reviewing the results of his 
study, Howard concluded that while the explanation for nonvisualization of 
the gall bladder was not established, primary failure of gall-bladder function 
was the most probable cause. He proposed the thesis that ‘‘a failure of the 
gall bladder to empty, and thus to receive fresh hepatic bile containing the 
contrast medium, might be one factor; another might be a decreased absorp- 
tion of water from the bile and thus a failure to concentrate the drug suffi- 


; 


ciently to permit roentgenographie visualization.’’ Our own studies indicate 
that Cholografin passes readily into the gall bladder under these cireum- 
stances. It is our belief, therefore, that the first hypothesis must be discarded. 
With regard to the ability of the gall bladder to concentrate the drug, no 
definite conclusions can be drawn from our study ; however, the high incidence 
of gall-bladder visualization coupled with the relatively poor visualization of 
the bile ducts is suggestive evidence that some concentration was accomplished 
by the gall bladder. 


Summary.—In other publications Howard demonstrated the regularity and 
extent of impairment of gastrointestinal absorption and hepatic function fol- 
lowing injury. However, he felt that these alterations were inadequate to 
account for failure of visualization of the gall bladder following trauma. 
Instead, he expressed the belief that ‘‘primary failure of gall-bladder fune- 
tion’’ was the probable cause. Our studies have indicated that one aspect of 
gall-bladder function, the ability to receive fresh hepatic bile, is not signifi- 
cantly impaired following trauma. It is our impression that the combination 
of impaired gastrointestinal absorption and diminished hepatic function is 
sufficient to account for the posttraumatic failure of gall-bladder visualization 
described by Howard. 

CONCLUSIONS 

1. Following trauma, laparotomy, or anesthesia, or a combination of the 
foregoing, visualization of the gall bladder can usually be accomplished with 
intravenous Cholografin. 

2. These studies indicate that the gall bladder is capable of receiving 
fresh hepatie bile during the period following trauma. To this extent we have 
disproved one of the explanations suggested by Howard to account for his 
failure to visualize the gall bladder following trauma. Beyond this point, our 
findings cannot be considered to contradict or confirm the results of Howard’s 
study, since we employed an intravenous cholecystographie agent exclusively, 
in contrast to the oral agents used by him. 

5. Visualization of the hepatie duets and the choledochus occurs more 
slowly and less clearly under these circumstances than in otherwise healthy 
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subjects. Sinee the cases under study showed no evidence of circulatory ab 
normality, this finding is compatible with some degree of impairment 
hepatic funetion secondary to injury, operation, anesthesia, or a combination 
of these factors. 
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OPERATIVE CHOLANGIOGRAPHY 


WiuuiAM B. Hurcuinson, M.D., ANp THoMAS BLAKE, M.D., SEATTLE, WASH. 
(From the Swedish Hospital) 


HE authors believe that the greatest deterrent to the universal usage and 

acceptance of operative cholangiography today is the lack of a standardized 
technique that ean be used quickly and effectively. It is the purpose of this 
paper to outline in detail such a technique. After four years’ experience at 
the Swedish Hospital, this method has proved far superior to methods previously 
used. During this four-year period, the surgical staff has done 499 operative 
cholangiograms. The procedure has met with varied suecess in the past 
because of inadequate x-ray equipment and methods and techniques not care- 
fully designed to eliminate all sourees of error. Operative cholangiography 
has passed through progressive phases of development and will unquestionably 
improve in the future. However, today operative cholangiography, if properly 
used, can routinely produce clear, concise, unequivocal x-ray films under all 
conditions, regardless of the size of the patient. 

Just what can good cholangiography on the operating table accomplish 
for the interested surgeon? It ean detect stones high in the biliary radicals 
of the liver. Stones lying in the common duct that are not suspected or felt 
by the examining fingers will be revealed. If the common duct is explored, 
cholangiography will prevent overlooking a stone or, if stones are removed, 
inadvertently leaving a stone behind. The mistake of opening a duct and 
finding no pathology is eliminated. Trauma in the ampullary region with its 
future implications need not occur. The trauma to ducts that have anatomical 
abnormalities will likewise be avoided. 

The accomplishment of all these ideal situations is predicated on the as- 
sumption that the interested surgical team will first elicit and receive the 
untiring support of their radiological department. At the operating table, the 
surgeon should have control of all factors that may cause errors. He should 
be able to obtain better routine x-ray films than the radiologist does a week 
or two later in the x-ray department. Ideal x-rays will never be attained by 
the oceasional operator or by any radiologist just devoting passing interest to 
the problem. They will make fewer mistakes and produce less patient morbidity 
if they simply refrain from the use of operative cholangiography. Even the 
skilled cholangiographie team will find difficulty when an occasional substitute 
member has to be used. 

TECHNIQUE 


We believe that a 300 milliampere generator is essential. Ease of ma- 
neuverability and of operation is made possible by mounting a rotating anode 
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tube in a mobile stand and connecting it with shockproof cables. A shor 
exposure time of 0.3 second is possible with this 300 milliampere machine 
Focal film distance is kept constant at 36 inches. Kilovoltage is varied according 
to the size of the patient. Sixty-two kilovolts are used for patients of average 
size. The Bucky apparatus must be held securely to the table by pins at each 
corner which fit snugly into holes bored into the operating table so that no 
motion or change in position is possible. A specially tailored mattress assures 
better patient comfort and position. In placing the patient in position for 
operation, care is taken to adjust the table so that when cholangiograms are 
taken the shadow of the common duct will not be obscured by the patient's 
vertebral column as seen on the x-ray film. An air-inflated rubber bag is used 
to raise the rib cage and help maintain this position. 

To make certain that the patient’s position is correct, a scout film is taken 
after the anesthetic has been administered. Nothing is allowed to remain on 
the abdomen which might obscure the x-ray film. Skin towels and clips are 
avoided by the use of mastiogau and wax silk. <All clamps are replaced by 
ties and removed from the field of operation. A careful exploration of the 
abdomen is made with special care given to the palpation of the pylorie, 
duodenal, and pancreatic areas. The common duet is observed, palpated, and 
compared as carefully as possible with Bakes dilators to determine its trans- 
verse diameter. Anything over & mm. is considered dilated and indicates 
partial obstruction of the duct. The cause of the obstruction can often be 
determined with carefully made cholangiograms. The gall bladder is usually 
removed from above downward. The eystie duct is left long (about 1 inch) 
as it is the most satisfactory, convenient, and safe method of introducing the 
needle into the common duct for injection of dye. We do not believe that 
cholangiography done prior to cholecystectomy is the best technique. 

A 17% per cent solution of Diodrast in saline is placed in a 50 ¢.c. Luer- 
Lok syringe. We have found that 174% per cent Diodrast does not cast too 


dense a shadow on the x-ray film to obscure stones or duct defects representing 
stones. This is not always true of stronger concentrations of the dye. In 


addition, we have not found this concentration causing pancreatitis even in 
large amounts. An 18 ineh length of small-bore rubber tubing is connected to 
a 50 ¢.c. syringe by means of a three-way stopcock. Metal contact connections, 
not glass, must be used throughout and must fit snugly. It is essential that 
no air be injected into the system since air bubbles can be confused with stones 
when interpreting the x-ray film. Sinee normally there is no air in the biliary 
system, if the surgeon injects none this will never be a problem on the initial 
cholangiograms. 

Because of variations in size and course of the eystie and common ducts, 
and variable anatomical features of breadth and depth of the patient, a 
variety of injection needles is available. A malleable blunt-nosed needle is 
attached to the end of the small-bore rubber tubing. The syringe and tubing 
are again checked with care to make sure that there is no air in the system. 
The specially designed needle is directed into the eystie duct, then upward 
toward the liver rather than toward the duodenum. This tends to dilate 
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and better visualize the biliary system when the dye is injected. Occasionally, 
it is impossible to direct the needle upward toward the liver. In these in- 
dividuals, we simply insert the needle down to the common duct. A tie is 
placed about the cystie duct to prevent reflux leakage. If the injection 
needle is directed well down into the common duct when the film is taken, 
the dye will eseape too rapidly into the duodenum on many oceasions to give 
a satisfactory visualization of the entire biliary system. Aspiration may be 
carried out if desired after the needle has been secured in place. The wound 
is covered and the x-ray equipment is moved into place. About 20 ee. of 
dye is injected rapidly, care being taken to keep a closed system. If the duct 
is considerably dilated, as much as 40 ¢@.c. may be required. The first film 
is taken after 5 to 8 ¢.c. of dye is injected. The amount would vary with the 
size of the duct. The second film is taken after 15 to 40 ¢.c. of dye is injected, 
again depending on the size of the duet. These films are taken with the 
biliary system under pressure from the injected dye. The anesthetist momen- 
tarily stops respiration to prevent motion and blurring of the film. Following 
this, the syringe is detached from the tubing and the stopcock is left open. 

A third film is taken after one minute has elapsed. This time interval 
allows dye to flow into the duodenum and back out the end of the tube. Thus 
the pressure in the biliary system is reduced. Every duct that is to be explored 
should first have a- cholangiographie study with the smaller radicals that 
might not be possible to get with less pressure. It is equally important to take 
a film after the pressure is released and the ducts less dilated. Stones often 
are more apparent on one film than on the other. 


While the films are being developed, the operation continues and the 
cystic duct is amputated close, but at a safe distance from the common duct. 
Within five minutes, the films are ready and are brought to surgery where 
they are read by the radiologist in the presence of the operating surgeon. 
When stones are revealed, the common duct must be explored and the stones 
removed. 


After the stones are removed the duct is checked by cholangiography for 
residual stones. It is easy to remove several stones from a dilated duct, yet 
overlook a large stone. Operative cholangiography can prevent this oversight. 
The injection needle is inserted through the exploratory incision in the common 
duet. A rubber-shod bulldog arterial clamp is applied over the shaft of the 
injection needle on the duodenal side of the incision (Fig. 1). This prevents 
leakage back around the needle into the exploratory incision, and hence into 
the abdomen which would obscure the film. It does not interfere with the 
injeetion of the dye into the distal or duodenal segment of the common duct. 
Exploration of the duct and trauma about the sphincter of Oddi produced by 
a probe or a scoop will often cause sphincter spasm. <A pressure of 400 to 
900 mm. of water may be necessary to overcome this spasm. Applying the 
rubber-shod bulldog arterial clamp makes it possible to overcome this resistance 
and to visualize the distalmost portion of the duct. 

The x-ray equipment is now moved into place. The operating table is 
lowered into an exaggerated Trendelenburg position. Dye is gently floated 
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in at first, trapping in the ampullary region any air that is present in the 


duet. The remainder of the dye is injected rapidly while the operating tabk 


is leveled and an x-ray film is taken. A second x-ray is taken 30 to 45 seconds 
later after a portion of the dye has escaped into the duodenum or out through 
the open peteock as deseribed previously. Depending on the size of the duet 
10 to 25 ¢.c. of dye is injected. 


Fig. 1.—This figure illustrates the application of the rubber-shod bulldog arterial clamp across 
the common duct following insertion of the injection needle 

If the initial cholangiogram showed many common duct stones dispersed 
along the length of the common duct, it may now be important to visualize 
possible retained stones on the hepatie side of the exploratory incision in the 
duet. Cholangiograms ean be made with the T tube in place, using precisely 
the same technique. The T tube is earefully filled with dye, holding it high 
to drive out air. The syringe is locked to prevent the escape of fluid while 
the T tube is being inserted into the common duct. The common duct is 
sewed tightly about the tube. If one will wait a few minutes at this point, 
he will usually be rewarded, for the duct and tube will fill with bile. This 
reduces the amount of air in the common duct which often is a problem at 
this point in the procedure. 

The x-ray unit is moved in place and the operating table is lowered into 
an exaggerated Trendelenburg position. A little dye is allowed to gravitate 
in, forcing any remaining air toward the sphincter. The rest of the dye is 
injected rapidly while at the same time the operating table is leveled and an 
x-ray is taken. Thirty to forty cubic centimeters of dye will usually be 
required depending on the size of the duct. After one minute has elapsed, 
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a second film is taken, with the pressure released as previously described. At 
times, no dye will enter the duodenum because of spasm at the sphincter of 
Oddi secondary to the trauma of common duct exploration. Since the distal 
duct and ampullary visualization was previously accomplished, it is not now 
necessary. If no stones are visualized on the hepatie side of the entrance of 
the T tube, we can consider the duct free of residual stones. 


RESULTS 


Our most striking triumph has been the marked reduction in the number 
of duets explored. The indications for common duct exploration have been 
beautifully outlined by many very experienced surgeons. They explored at 
least two or three common ducts to find the one common duct containing stones. 
It has always seemed to us that if the less experienced surgeon is to be very 
meticulous about his indications for common duct exploration, he will perhaps 
have explored more common ducts than the expert. If the less experienced 
man does not do so, he will undoubtedly be overlooking common duct stones. 
If he does explore too often, he may have an unreasonable number of complica- 
tions. 

One of us was doing poorly in exploring 65 per cent of the common 
duets in patients brought to surgery for cholelithiasis, then finding that only 
23 per cent had stones present in the common duct. Obviously, this was a poor 
record and indicated that far too many common ducts were being explored. 
While one might argue that a careful exploration of the duct is harmless, 
many would challenge that statement. It is ineredible that running a probe 
or scoop and traumatizing or scraping the endothelium of a delicate structure 
such as the common duct or ampulla of Vater will not be associated with some 
future malfunction. 


The personal experience of one of the authors is based on 192 operative 


cholangiograms done in the past four years using the described technique. 
We have explored only 29 per cent of the common ducts in patients operated 
for cholelithiasis. In this four-year period, 66 per cent of the common ducts 
opened yielded stones. These figures inelude the first year of usage of this 
technique. During this time, many common ducts were opened simply to check 
on our x-ray findings which would statistically reduce the method’s effective- 
ness. If we were then allowed a technical learning period which included 
only our first vear of experience from May, 1952, to May, 1953, our results 
are unbelievably good. In 143 operations from May, 1953, to May, 1956, we 
have had only four negative common duct explorations. When opened, 23 
others vielded positive findings. To our knowledge, we have not had any 
overlooked common duct stones. Unless a stone can be unquestionably felt 
in the common duct, we know that the findings of cholangiography are the 
surest and by far the safest indication for common duct exploration. We have 
found so many dilated ducts (14 per cent that contained no stones) and so 
many apparently normal ducts (5 per cent that did contain stones) that we 
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do not consider this a valid indication in all cases either for or against explora- 
tion. However, without cholangiography, we would agree with Baker’ that 
this is perhaps the most reliable indication aside from actual palpation of th¢ 
stone. 

DISCUSSION 


The suecess of any method is its effectiveness when utilized daily unde: 
any and all cireumstaneces and conditions. The technique previously detailed 
will be absolutely essential, but we know x-ray equipment must be adequate. 
A 300 milliampere machine will be expensive, but will justify the littl 
additional initial expenditure. Results with a 25 milliampere Bucky portable 
unit can be compared to the results with a similar portable unit for chest 
films. In the selected ideal patient, their detail is good; but in the obese 
heavy-set patient, it is anything but satisfactory. We believe the 100 milli 
ampere unit will also prove to be inadequate under all conditions. When the 
unfavorable film is obtained with the 300 milliampere machine, the methods 
used are at fault, and corrective measures should be instituted. Stones may 
lodge in the distal pancreatic portion of the common duct where the surgeon 
cannot palpate them because of the duct’s position within the pancreas and 
behind the duodenum. The inaccessibility of this portion of the common duct 
is a great problem in biliary surgery in spite of attempts to overcome the 
diffieulty.? 

Without cholangiography, if common duct exploration is indicated, the 
surgeon must rely on the probe or irrigations to determine what this inac- 
eessible portion of the lumen contains. When a probe or scoop is passed into or 
through the pancreatic and ampullary portions of the common duct, spasm 
often oceurs in the duct which may make it impossible to be certain of the 
presence or absence of stones. 

To be certain that an obstruction of the distal common duct is not due to 
a stone, the surgeon may be forced to do a retrograde approach to the sphincter 
of Oddi. This approach is associated with potential hazards to the patient, 
which are infection, bile, pancreatic or duodenal fistulae, and trauma to the 
sphincter of Oddi. The trauma of the sphincter with its future possibility of 
stricture giving rise to biliary and panecreatie complications may plague the 
patient permanently. 

Hicken* made actual micrometrie measurements on 225 people and found 
at least 48 per cent had common ducts larger or smaller than those deseribed 
within normal limits. In reviewing 550 patients in and around Salt Lake 
City hospitals, he found by employing postoperative cholangiography that 20 
per cent still harbored intraductal stones following choledocholithotomies, 
which was almost identical with the 22 per cent found in a similar study carried 


out by Farris in Los Angeles. Prior to our use of operative cholangiography, 


in operation upon a patient who had been operated upon previously elsewhere, 
we removed several common duet stones vet overlooked a stone 1 em. in 
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diameter. This incredible error and the similar error of leaving any common 
duet stone at the initial operation can be eliminated with good operative 
cholangiography. 

Intrahepatic caleuli in our experience have occurred when the common 
duet was dilated, under pressure from intraductal stones that were well 
packed into the duct, giving a marked stagnation of biliary flow usually 
evidenced by jaundice. After thorough removal of the duct debris, when 
irrigation, suction, and the scoop fail to dislodge the intrahepatic ecaleuli, it 
is indeed a gratifying experience to be able to point their position out to the 
referring physician and patient along with a proper explanation. This can 
only be done by the use of accurate operative cholangiography. Not infre- 
quently these stones will drop down into the common duct after the back 
pressure has been released. Postoperative irrigation through the T tube may 
aid this descent and, in some instances, flush the stones down into the duodenum 
if they are small. 

The injection of dye by means of needle and syringe directly into the 
common duct seems convenient and very simple. Based on our early experi- 
ence and that of others on our staff, it is our opinion that routine injection 
directly into the common duct is undesirable. The laceration produced in the 
common duet by the injection needle resulted in a leak which produced two 
bile abscesses in our patients. Other staff members had the same experience. 
Exeessive bile drainage occurred in some others. We have been able to pass 
the needle in all eystie ducts to date, usually with no effort. 

The demonstration of congenital malformations of the common duct which 
were not previously suspected has been another important contribution of good 
operative cholangiography. We have felt that this has prevented operative 
errors on numerous occasions. On two patients we have found the common 
duet opening into a duodenal diverticulum, one in a patient with a common 
duet stone. This knowledge obviously is valuable in preventing trauma. Stones 
lodging in diverticula, sacculations, or pockets off the main duct channel may 
elude the probe, scoop, irrigations, or examining fingers no matter how care- 
fully they are employed. These are easily demonstrated by operative cholangiog- 
raphy. We have continually been impressed by the number of patients with 
congenitally small distal ducts, especially in the panereatie portions of the 
common duets. Often there is a sharp angulation at this point. No matter 
how deft the surgeon may be in carefully passing a probe or scoop down this 
duet, he may do damage. We know from our experience with cholangiography 
that congenitally tiny distal common ducts frequently exist. We are appalled 
at the danger involved in dilating them to accommodate an 8 mm. probe or 
scoop. This has been advocated (Walterst). While we are sure this is a 
perfeetly safe procedure in their hands, it certainly is not when done by the 
less experienced operator. Such a routine procedure would be analogous to 
foreing everyone, regardless of stature, into a certain-sized shoe. If there is 
a question in anyone’s mind about this point, simply pass the 8 mm. probe 
through the ampulla of Vater, then pass the scoop to the ampulla, and then 
irrigate the distal duct one time with saline. These are all routine procedures 
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for removing stones, or at least proving their absence. The next step is t 
attempt an operative cholangiogram. In approximately half of these peopl 
no dye can be gotten through into the duodenum. This is because a consider 
able amount of spasm has occurred at the ampulla of Vater from this minima! 
trauma. Without operative cholangiography, when even the very experienced 
surgeon is attempting to clarify the condition of the distal common duct, 
certainty is often impossible. Either he must proceed with extensive surger 
to be absolutely sure or desist and take his chances that all is well. His 
decision in either event will be based on his evaluation of the clinical, labora- 
tory, and operative findings to this point. How much more accurate and 
scientific would be a good set of x-rays. 

The next question of interest is how much ean this procedure of operative 
cholangiography, if properly used, reduce the incidence of stricture at the 
ampulla of Vater? The strictured ampulla may give rise to the so-called 
postcholeeystectomy syndrome. Where the common opening at the ampulla 
of Vater exists, back pressure with bile flow up the duct of Wirsung may be 
the exciting factor in the production of recurring pancreatitis. Any effort 
made in reducing trauma in a congenitally small distal common duct with a 
small tight ampulla of Vater will be rewarding. Trauma and infection are 
two etiological agents in the production of pancreatitis. 


SUMMARY 


A proved standardized method of operative cholangiography is presented 


in detail. The importance of proper equipment, faultless technique, and a 
regular well-trained team is stressed. 

Operative results and experience with the method’s effectiveness are 
related. The marked drop in the number of common ducts explored as a 
result of operative cholangiography is noted. The accuracy of detection of 
common duct stones as emphasized by the small number of negative explora- 
tions is pointed out. 
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ANEURYSM OF THE SUPERIOR MESENTERIC ARTERY 
SUCCESSFULLY TREATED 
CasE REPORT 
BERTRAM Karz, M.D., AND LYLE F. JAcospson, M.D., Derrorr, MIcH. 


(From the Department of Surgery, Wayne University College of Medicine, and the Detroit 
Receiving Hospital) 


NEURYSMS of the superior mesenteric artery are quite rare, an incidence 

of 1 case in 321 aneurysms found in 12,000 consecutive autopsies being 
reported by Lucke and Rea‘ and 1 case in 172 aneurysms in 12,000 consecutive 
autopsies reported by Garland.* Although aneurysm of this vessel is not com- 
monly observed, in reported series of mycotic aneurysms, involvement of the 
superior mesenteric artery was quite common, being second only to involve- 
ment of the aorta. To date there have been reported 65 cases of mycotic 
aneurysm of the superior mesenteric artery.2»* The first suecessfully treated 
case was reported by DeBakey in 1953. The aneurysm was excised after the 
collateral cireulation of the bowel was found to be adequate. The superior 
mesenteric vein was resected also in this case. The second successfully treated 


case was reported by West* in 1954. This aneurysm was of a saccular type 
and was treated by reconstructive aneurysmorrhaphy. The present report is, 
we believe, the third such case successfully treated. Resection of the aneurysm 
along with the superior mesenterie vein was performed, which necessitated 
partial small bowel resection due to inadequate collateral blood supply. 


CASE REPORT 

J. G., a 21-year-old Negro woman, was admitted to the Detroit Receiving Hospital 
on Aug. 23, 1955, with a history of 2 weeks’ illness characterized by anorexia, tiredness, 
diarrhea, 6 to 8 watery, brown, bloodless stools per day, vomiting 2 times (bile stained, 
nonbloody) and a slight degree of dyspnea on exertion. The patient also stated that she 
felt that her feet were slightly swollen during the 2 weeks prior to admission. She had 
noted tenderness in both calves for 1 week prior to admission. She denied a past history of 
heart disease, rheumatic fever, or equivalents. The patient had no previous signs or 
symptoms of infectious process, either mild or major. The patient had been having normal, 
regular menstrual periods with no excessive bleeding. She had a normal pregnancy 6 
months prior to admission with no blood transfusions at the time. 

Physical examination showed pulse 120, regular; blood pressure 108/56; respirations 
IS; temperature 101° F., rectally. The patient appeared acutely but not eritically ill. 
The mucous membranes were pale, the fundi were normal, there were no petechiae. The 
chest was symmetrical, diaphragmatic movement normal, breath sounds normal. The lungs 
were clear to auscultation and percussion. Examination of the heart revealed no enlarge- 
ment. There was a harsh Grade III systolic murmur heard at the base with transmission 
to the right sternal border. There was also an associated Grade III diastolic murmur 
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at the right sternal border. The abdomen was soft, flat, with many striae. The splee: 
was not felt or enlarged by percussion. Slight tenderness in the right flank was present 
The liver was neither felt nor percussed below the costal margin. Rectal examination re 
vealed small hemorrhoids, flecks of light brown feces in the rectum, no blood. Examinatio: 
of the extremities revealed the fingernails to be very pale, no definite clubbing, no petechia 
There was definite bilateral calf tenderness, more so on the right with a positive Homans 
sign, no redness or swelling. Neurological examination was normal. A diagnosis o 
bacterial endocarditis was made with amebiasis and hepatic involvement, infectious 
diarrhea, and trichinosis to be excluded with anemia probably secondary to above. 

Laboratory work on admission revealed the hemoglobin to be 7.7 Gm., red blood cells 
3.67, white count 14,000 with a differential of 75 neutrophils, 16 lymphocytes, 7 monocytes, 
1 eosinophil and 1 basophil. Sedimentation rate in 15 minutes was 12 mm., 1 hour 71 mm. 
Urine revealed 2+ albumin, 18-20 white blood cells per high-power field, 1-3 red blood cells, 
negative for sugar and acetone. Kline test was negative. Reticulocyte count was 1.5 pe 
cent. Agglutinations for S. typhosa, paratyphoid and B. abortus were all negative. Sickle 
cell preparation was negative. Four separate blood cultures at the time of admission all re 
vealed the same organism, which was an alpha streptococcus later identified as Streptococcus 
liquefaciens. Bromsulphalein was 10 per cent of dye retained in 45 minutes. 

The patient was started on therapy with 1 million units of aqueous penicillin every 2 
hours. Her temperature returned to normal and she did very well for 2 weeks. On Sept. 7, 
1955, a few small petechiae were noted in the conjunctiva of the left eye. Her murmur 
of aortic insufficiency became much louder. On October 10, the patient complained of 
sudden, severe pain in the left elbow radiating down the arm to the hand, being most 
painful around the thumb. The radial pulse in that extremity was absent. It was felt 
that the patient had an embolus to the left brachial or radial artery. She was treated 
with left stellate ganglion block and obtained prompt relief of pain and return of the left 
radial pulse which gradually returned in force but never returned to equal the pulse on 


the right side. The patient continued without any further signs of embolization and was 


afebrile. 

On Nov. 4, 1955, physical examination revealed a 5 em., freely movable, pulsating, 
epigastric mass (Fig. 1). This mass moved approximately 6 em. to the left and 6 em. to 
the right and was slightly tender. Blood cultures at this time, on several occasions, were 
negative. 

On November 9, the patient had a translumbar aortogram which outlined the ab- 
dominal mass (Fig. 2). This mass was found to be an aneurysm of the terminal portion of 
the superior mesenteric artery. On November 10, the patient was explored through a 
vertical midline incision. Exploration revealed the following findings: 

There was a 6 em., smooth, globular aneurysm of the superior mesenteric artery just 
as the artery entered the small bowel mesentery (Fig. 3). The superior mesenteric artery 
was normal up to the origin of the aneurysm, and there were 6 to 8 branches of approxi 
mately 2 to 5 mm. in diameter emanating from the periphery of the aneurysm in a radial 
fashion (Fig. 4). 

The preoperative plan was to insert a homograft, if possible. However, the structure 
of the aneurysm was such that a homograft transplant was impossible since there was no 
distal vessel of sufficient size to receive the graft. The concentric uniformity of the 
aneurysmal dilatation excluded any type of restorative or reconstructive aneurysmorrhaphy. 
Noncrushing clamps were applied to the artery for temporary occlusion for a period of 20) 
minutes and it was found that the small bowel blood supply had been compromised from 
the ligament of Treitz to a point in the distal jejunum. It was felt that this aneurysm 
should be resected along with the involved portion of small bowel. The superior mesenteric 
vein was firmly adherent to the aneurysm by dense, fibrous tissue and separation of the 
vein from the aneurysm was impossible. The aneurysm was then freed and the superio: 
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Fig. 1.—Photograph showing position of aneurysm (solid circle) and degree of movement to 
right and left (broken circles). 


Fig. 2.—Translumbar aortogram visualizing the aneurysm of the superior mesenteric artery. 
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3.—Photograph taken of lesion in situ with tape around normal artery, and distal 
aneurysm. 


Fig. 4.—Line drawing of aneurysm and branches. 
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mesenteric artery and vein were ligated and the aneurysm excised. Approximately four- 
fifths of the jejunum was then removed and an end-to-end anastomosis performed. The 
histologie description of the specimen revealed the following: 

Longitudinal section through the artery and adjacent aneurysm revealed intimal 
thickening and disruption of the internal elastic membrane of the artery. The adjacent 
aneurysmal wall contained chronic inflammatory infiltrate and fibrinoid necrosis in areas 
where the media was lost and only intima and adventitia remained. These areas also con- 
tained erystalline, calcium-like material which had excited a foreign body reaction. 

The patient’s postoperative course was uncomplicated. Her bowel movements were 
loose and of a soft consistency but not watery and numbered 2 to 3 per day. The character 
of the bowel movements gradually changed toward a more normal consistency and the 
patient was discharged on Nov. 19, 1955, nine days postoperatively. 

Postoperative follow-up in the Out-Patient Clinic revealed the patient to be doing 


very well. She had gained 8 pounds approximately 8 months after operation and was 


having 1 to 5 soft, nonwatery bowel movements per day. 


SUMMARY AND CONCLUSIONS 


It has been demonstrated experimentally by Blalock! and Laufman?® that an 
extensive collateral circulation sufficient to maintain viability and function of 
the intestine can take place even when there is complete occlusion of the 
mesenteri¢ vessel, provided the occlusion takes place gradually. This collateral 
develops between the superior panecreaticoduodenal artery and the inferior 
pancreaticoduodenal artery and the left colic branch of the inferior mesenteric 
artery and the left branch of the mid-colie artery. Other channels have been 
demonstrated between the adhesions at the area of occlusion and the posterior 
parietal peritoneum and kidney. 

Occasionally an aneurysm developing in this area may act as a gradually 
occlusive agent and in this fashion be a stimuius for collateral circulation. 
This would allow excision of the aneurysm and ligation of the artery with no 
untoward effects. 

This was not the situation in the ease presented, probably due to the 
rapidity of aneurysmal formation, its short duration, and its completely patent 
lumen free of clot. The superior mesenteric vein can also be occluded if the 
occlusion is done gradually with no untoward effects’; however, rapid oecclu- 
sion causes death of the bowel involved. It would have been possible to leave 
the vein undisturbed if the aneurysm were incised and that portion adherent to 
the vein left in place. However, since temporary occlusion of the artery re- 
sulted in changes in the bowel wall necessitating resection, the vein was ligated, 
allowing complete excision of the aneurysm. 

The third successful operation for cure of a superior mesenteric artery 
aneurysm is reported. Resection of the aneurysm necessitated excision of ap- 
proximately four-fifths of the jejunum. Although the removal of such a large 
portion of small bowel appears to be quite radical for eradication of this 
aneurysm, the inevitable course of such a lesion, namely progressive enlarge- 
ment with either symptoms produced by pressure or fatal rupture, justified 
such a procedure. 

Although definite histologic proof that this aneurysm was of a mycotic 
type is lacking, we feel that the etiology was of an infectious nature. 
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THE EFFECT ON THE RABBIT FETUS OF THE MATERNAL 
ADMINISTRATION OF PROPYLTHIOURACIL 


Epwarp T. KREMENTz, M.D., Ray G. Hooper, M.D.,* AND 
RicHarp L. Kempson, M.D.,** New ORLEANS, LA. 


(From the Department of Surgery, School of Medicine, Tulane University) 


HE use of chemical compounds to inhibit the production of thyroid hor- 

mone is now accepted as standard therapy in hyperthyroid disease. Con- 
eurrent with the widespread use of antithyroid drugs, certain clinical prob- 
lems have arisen that have warranted further study. Among these are the 
problems that concern the treatment of the pregnant woman with hyperthy- 
roidism. 

When one of the active thiourea drugs is administered, the formation of 
hormone by the thyroid gland is blocked. Although such an effect is desirable 
in the patient with Graves’ disease, it is to be avoided in the individual with 
a normally functioning thyroid. A unique situation exists in the pregnant 
woman with hyperthyroidism. The maternal thyroid gland is producing an 
overabundance of hormone, while the fetal gland is apparently functioning 
normally. An ideal drug for therapy would inhibit the production of ma- 
ternal thyroid hormone, while it would have no effect on the production of 
the hormone by the fetal thyroid. It is thus necessary to evaluate present- 
day antithyroid drugs as to their action on the fetal thyroid function in order 
that a rational plan of therapy for the pregnant woman can be evolved. 

This study is to determine the effect of propylthiouracil on the rabbit 
fetus when administered to the pregnant adult. Several studies have been 
done in which thiouracil has been administered to pregnant animals. The 
results have generally shown hyperplasia and weight gain in the thyroids of 
the offspring of treated animals, but there is some indication that the different 
thiourea drugs have somewhat different goitrogenic properties.2 Thus, it was 
felt desirable to determine the effects of propylthiouracil in the rabbit fetus in 
general and the fetal thyroid in particular. 

REVIEW OF THE LITERATURE 

The earliest work with chemicals to inhibit thyroid function was done in 
1941, when MacKenzie, MacKenzie, and McCollum** noted that the thyroids 
of rats which had been fed sulfaguanidine were hyperplastic and that this 
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effect could be ameliorated by the addition of thyroxin. In 1942, Kennedy** 
found that the same results were obtained by using thiourea. Further investi- 
gations by Astwood,* in 1945, led to the development of thiouracil, which was 
effective in the treatment of clinical hyperthyroidism. However, the inei- 
dence of side effects from this drug was high, and Astwood,° after testing more 
than 300 similar acting compounds, found that 6-n-propylthiouracil was as 
effective in depressing thyroid function as thiouracil, but less toxic. Propyl- 
thiouracil has since been widely used in the medical treatment of hyperthy- 
roidism.™ 

The physiologic action of the antithyroid drugs has been studied exten- 
sively.® ** They eause changes typically seen in thyroxin deficient states, 
such as lethargy, high serum cholesterols, and low basal metabolie rates. In 
addition, there is hyperplasia of the thyroid gland, and microscopically high 
columnar eells, little colloid, and small follicles are noted. These latter 
changes do not occur if the anterior pituitary has been removed.** The 
changes are preventable by the addition of thyroxin but are not affected by 
iodine. It was early theorized that the action of these compounds is due to 
their ability to block the formation of the thyroid hormone. The exact mech- 
anism by which these compounds accomplish this action is not known, but it 
appears that there is a block of an enzyme system, probably the one which 
catalyzes the iodination of tyrosine preparatory to the formation of thyroxin.*” 

From the above observations one would expect the human infant to show 
some abnormality if its mother were given antithyroid drugs during her preg- 
nancy and if the action of these drugs crossed the placental barrier. Although 
few eases have been reported, the results are divided as to the effects of these 
drugs on human infants. Some writers have noted abnormalities while others 
have reported that the infants were normal at birth and subsequently devel- 
oped normally. 
TABLE I. REPORTS OF INFANTS SHOWING NO ABNORMALITIES ATTRIBUTED TO ANTITHYROID 


DruGS ADMINISTERED TO THEIR MOTHERS DURING PREGNANCY 














AUTHOR DATE DRUG NUMBER OF CASES 
Rose 1944 Thiouracil 1 
Eaton 1945 Thiouracil 1 
Astwood 1946 Propylthiouracil 3 
Williams 1946 Thiouracil 5 
Sexton 1946 Thiouracil 2 
Vogt 1946 Thiouracil 1 
Bain 1947 Propylthiouracil l 
Whitelaw 1947 Thiouracil 3* 
Lahey 1947 Propylthiouracil St 
Reveno 1948 Propylthiouracil 3 
Carns 1948 Thiouracil ] 
KNisenberg 1950 Propylthiouracil 1 
Bell 1950 Propylthiouracil 21ti 
Trotter 1951 Thiouracil 1 





*One patient aborted at 3 months; one patient had a normal delivery; and one patient 
delivered an anencephalic monster with a normal thyroid. 

*The antithyroid drug was used in these cases as a preparation for surgery. 

tTwelve normal deliveries, 1 abortion, 2 prematures, 6 unreported. 


Table I represents a summary of the cases reported which showed no ab- 
normality attributed to antithyroid drugs administered to the mother during 
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her pregnancy. Of special note is the case of an anencephalie monster re- 
ported by Whitelaw.** This infant was autopsied and the weight of the thy- 
roid was 0.828 Gm., as compared to a 1 Gm. normal weight. Iodine values 
and histologic sections of the gland were no different from those of normal 
term infants. 


26 


Lahey and Bartels*® prepared 8 pregnant women for subtotal thyroidee- 
tomy with thiouracil or propylthiouracil during their pregnancy. Mussey”? 
prepared one with thiouracil. All delivered normal term infants. Bell’ pre- 
pared 21 pregnant women for surgery with propylthiouracil. All were op- 
erated on successfully. The results were as follows: 12 delivered normal in- 
fants, 6 women had not reached term at the time the paper was written, 1 
woman aborted, and there were 2 premature deliveries. There were no see- 
tions of the glands of the infants. All living children were well at the time 
of publication of the reports. 

Sixteen cases have been reported in which abnormalities in the infant 
were felt to be due to antithyroid therapy during the mother’s pregnaney. 


TABLE II. GRouP OF INFANTS WHO SHOWED SOME ABNORMALITY ATTRIBUTED TO ANTITHYROID 
DruGs ADMINISTERED TO THEIR MOTHERS DURING PREGNANCY 











AUTHOR DATE DRUG CASES ABNORMALITIES IN INFANTS 

Eaton 1945 Thiouracil 1 Infants had a clinically enlarged thyroid 

Davis 1945 Thiouracil 1 Maternal death prior to term; at autopsy 
fetal thyroid was enlarged and hyper- 
plastic 

Freiesleben 1947 Methylthiouracil 1 Pregnancy terminated; fetal thyroid en- 
larged and hyperplastic 

Frisk 1947 Methylthiouracil 7 Infant showed delayed ossification and 


developed exophthalmos at 2 months; 
clinically no thyroid enlargement 

Keynes 1952 Methylthiouracil 4 All infants had enlarged thyroids; 1 also 
showed delayed ossification, and an- 
other showed hypothyroidism 

Elphinstone 1953 Methylthiouracil 1 Thyroid diffusely enlarged; developed 
symptoms of hypothyroidism;  subse- 
quent retarded development, both phys- 
ically and mentally 


Morris 1953 Propylthiouracil 1 Enlarged thyroid clinically with signs of 
hypothyroidism; subsequent spontaneous 
remission 

Salm 1954 Methylthiouracil 1 Term infant stillborn; death due to intra- 


cranial hemorrhage; thyroid enlarged 
and hyperplastic; no other abnormal- 
ities 

Waldinger 1955 Propylthiouracil 1 Thyroid enlarged 4 times normal size at 
birth; spontaneous remission, though 
still palpable at 6 months; developed 
normally 

Aaron 1955 Propylthiouracil 1 Marked thyroid enlargement with tracheal 
compression and respiratory distress; 
spontaneous remission; minimal en- 
largement at 9 months 

Platou 1956 Propylthiouracil 1 Thyroid enlargement with clinical hypo- 
thyroidism; goiter disappeared spon- 
taneously; development retarded men- 
tally and physically 

Gordon 1956 Propylthiouracil 1 Massive thyroid enlargement with severe 
tracheal compression causing death from 
asphyxiation 
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These are shown in Table II]. Keynes,” although treating only one case pe 
sonally, reported on the condition of 19 infants whose mothers had receive: 
antithyroid compounds some time during their pregnancy. ‘Twelve patient 
had received the drug for a short period and the infants were normal. 0}! 
the 6 remaining mothers who had received the drug for longer periods of tim: 
the following results were noted in their children: premature twins wer 
born to 1 mother; 2 infants had enlarged thyroids; 1 had symptoms of hypo 
thyroidism with an enlarged thyroid. All the above findings were transitory. 
Keynes stated that the length of time the drug is administered during preg 
nancy is an important factor in determining whether abnormalities occur in 
these infants. 

Salm,** in reporting a case of thiouracil goiter in a newborn, pointed out 
an increase in the number of reported cases of infant abnormalities with thi 
use of antithyroid compounds sinee 1945. He agreed with Keynes that treat- 
ment with these drugs should be stopped early in pregnancy and surgery used 
whenever possible to control maternal thyrotoxicosis. Salm believed only in 
this way can the danger of infant abnormalities be eliminated. 

Aaron,’ in 1955, deseribed a case of goiter formation with tracheal com- 
pression which caused cyanosis in the infant during feedings in the first week 
following delivery. However, the gland underwent a spontaneous remission 
in size, and the child was developing normally 6 months later. 

Two eases of infant abnormalities which were thought to be due to anti- 
thyroid therapy during pregnancy have been found at Charity Hospital in 
New Orleans. One patient received approximately 300 mg. propylthiouracil 
and 3 grains thyroid daily from the fifth month until the eighth month of 
pregnancy, at which time she delivered prematurely. The infant had an en- 
larged thyroid with signs of hypothyroidism and eretinism. The goiter under- 
went a spontaneous remission in size, but the child’s development has been 
retarded both mentally and physiecally.*! 

The second ease involved a woman with hyperthyroidism who received 
390 mg. propylthiouracil each day throughout her pregnaney. At birth, the 
infant had massive enlargement of the thyroid with severe tracheal compres- 
sion. The child died of asphyxiation a few minutes after birth before a 
tracheotomy could be performed. At necropsy massive hypertrophy of the 
thyroid with tracheal compression and atelectasis was present.?° 

The results obtained by administering the antithyroid drugs to pregnant 
animals are more uniform as can be seen in Table III. Most workers have 
found that the antithyroid effect of these compounds crossed the placental 
barrier, resulting in hyperplasia of the fetal thyroid. 

In an experiment using propylthiouracil, Peterson and Young*®’ gave 
pregnant guinea pigs this drug in their drinking water from the thirty-eighth 
day of pregnancy until parturition, which is between 66 and 72 days. They 
reported a marked inerease in fetal thyroid weight. This weight gain was 
modified by the addition of thyroid extract. Histologically the thyroids of 
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the animals administered the propylthiouracil were hyperplastic, while those 
of the animals to which propylthiouracil and thyroxin were given showed less 


change. 


TABLE III. RESULTS OBTAINED IN THE OFFSPRING WHEN THE PREGNANT ADULT WAS FED 

















ANTITHYROID DRUGS DURING PREGNANCY 
: EXPERI- -_ 
MENTAL 
AUTHOR DATE DRUG ANIMAL RESULTS OBTAINED IN OFFSPRING 
Hughes 1944. Thiouracil Rat Young appeared normal; microscopic 


hyperplasia of thyroid was found; 
no effect noted if thyroxin given con- 
comitantly 

Goldsmith 1945 Thiourea Mouse Appearance of offspring was normal; 
fetal thyroid was hyperplastic micro- 
scopically 


Schultze 1945 Thiouracil Goat Microscopic hyperplasia of the thy- 
roids 
Freiesleben 1947  Methylthiouracil Rat Offspring appeared normal; thyroid 


not enlarged; microscopically there 
were transient hyperplastic changes 


Kauffman 1948 Thiouracil Mouse Microscopic hyperplasia of the thy- 
roids 

Webster 1948 Propylthiouracil Guinea pig Microscopic hyperplasia of the thy- 
roids 

Peterson 1952. Propylthiouracil Guinea pig Weight of thyroids; increased micro- 


scopic hyperplasia of the thyroids; 
amount of hyperplasia decreased by 
the addition of thyroxin 





Many investigators have postulated the mechanism of the passage of the 
antithyroid effect of the compounds across the placenta. Goldsmith’ felt it 
was due to one of three possibilities: (1) placental transmission of the drug, 
(2) fetal response to a lowered thyroxin level in the mother by producing 
thyrotropins, or (3) elevated levels of maternal TSH crossing the placenta. 
Freiesleben and Kjerulf-Jensen (1947)'* fed normal pregnant rats propyl- 
thiouracil for 4 days prior to parturition. They then carefully opened the 
uterus and removed the fetuses, which were dried and fed to normal rats in 
their food. These rats developed hyperplasia of their thyroids, as proved by 
histologic section. The controls were normal. This was felt to indicate a 
transplacental passage of the drug. Peterson and Young (1952)*° performed 
thyroideetomies on pregnant guinea pigs, and then administered thyrotropins 
throughout pregnancy. If hyperplasia were found, it would demonstrate that 
the fetuses had increased their production of TSH from the anterior pituitary 
to compensate for lowered maternal thyroxin, or else that administered TSH 
had crossed the placenta. No hyperplasia was found, thus refuting points 2 
and 3 of Goldsmith’s hypothesis and adding evidence to the transplacental 
passage of the antithyroid drugs. 


MATERIALS AND METHODS 


Fifteen normal female stock rabbits, weighing between 214 and 314 pounds, 


were used in this experiment. These were obtained from a professional rabbit 
' 
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breeder after they had been mated with the breeding date of each rabbit ae- 
curately recorded. They were kept in separate cages and fed a diet of rabbit 
pellets supplemented with fresh cabbage 5 times a week. Fresh water was 
available at all times. These animals were divided into 3 groups of 5 rabbits 
each. The first group was used as a control, the second group was treated 
with propylthiouracil, and the third group was treated with propylthiouracil 
and thyroxin. The rabbits in the second and third groups were given the 
appropriate drugs daily, from the eleventh to the twenty-fifth day of preg- 
naney. On the twenty-sixth day of gestation, normal gestation being approx- 
imately 30 days, the rabbits from all 3 groups were sectioned, and the fetuses 
were removed. One adult from each of the 3 groups was sacrificed, and a 
portion of its thyroid was removed for section and study. 

The drugs used in this experiment consisted of 50 mg. tablets of propyl- 
thiouracil* and 0.2 mg. tablets of thyroxin fraction.+ As both of these were 
found to be relatively insoluble in water, each drug was thoroughly ground 
in a mortar and suspended in water before administration. The daily dosage 
was 22 mg. of propylthiouracil per kilo of rabbit or approximately 30 mg. per 
rabbit and 0.025 mg. of thyroxin per rabbit. 

A wooden bit with a hole in the center was inserted into the rabbit’s 
mouth and through this hole, a No. 14 Rusch rubber catheter was inserted and 
passed into the rabbit’s stomach. The prescribed dose of each drug was drawn 
into a syringe and injected into the tube. This was followed by 10 e¢.e. of 
water to insure the passage of the drug into the rabbit’s stomach. This 
method eliminated any error in dosage which might have resulted from the 
administration of the drugs through the rabbit’s drinking water or food. 

Of the 15 adult pregnant rabbits, 1 in the control group, 2 in the propyl- 
thiouracil group, and 2 in the propylthiouracil and thyroxin group were not 
pregnant at section. In addition, 1 pregnant rabbit from the last group died 
during the experiment from a pulmonary infection. At operation the number 
of fetuses in each litter plus the weight of each individual fetus was recorded. 
Kach fetal thyroid was dissected out and all surrounding connective tissue was 
carefully removed. Each gland was then weighed immediately on an ana- 
lytical balanee. The thyroids were then prepared in the routine manner for 
microscopic study. 

In Table IV the body weight and thyroid weight of each rabbit fetus are 
listed. Each adult female rabbit is designated by a capital letter. The fetuses 
of the rabbits are designated by a similar capital letter with a subscript for 
each individual fetus. In order to have a standard of comparison each fetal 
thyroid weight was also determined as weight of thyroid in milligrams per 
100 Gm. of fetal weight. 

Table V gives the numerical average of the individual weights in each 
category from Table IV. The average birth weight of the fetuses in the con- 
trol group is larger than the average birth weights in either of the other 
groups. The average fetal thyroid weight is largest in the control group, as 


*Eli Lilly and Co., Indianapolis, Indiana. 
TE. R. Squibb & Son, New York, N. Y. 
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Fig 1.—Photomicrograph of the thyroid of a normal rabbit fetus at twenty-sixth day of 
gestation. All sections stained with hematoxylin and eosin. 











Fig. 2.—Photomicrograph of the thyroid of a rabbit fetus of twenty-six days’ gestation whost 
mother had received propylthiouracil for 13 days prior to section. 
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-Photomicrograph of normal rabbit thyroid at twenty-sixth day of pregnancy. 


Fig. 4.—Photomicrograph of the thyroid of an adult rabbit, removed at the twenty-sixth day 
of pregnancy, which had received propylthiouracil for 13 days prior to autopsy. 
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TABLE V. AVERAGE VALUES OBTAINED FOR FETAL WEIGHT IN GRAMS, FETAL THYROID WEIGHTS 
IN MILLIGRAMS, AND WEIGHT OF FETAL THYROID IN MILLIGRAMS PER 100 
GRAMS OF FETAL WEIGHT 


| | WEIGHT OF 
| | FETAL THY- 


| ROID IN MILLI 











NUMBER OF | FETAL | FETAL THY- |GRAMS PER 10 
GROUPS AND DAILY FETAL | WEIGHT IN. | ROID WEIGHT | GRAMS OF 
TREATMENT RABBITS GRAMS |IN MILLIGRAMS | FETAL WEIGH’ 
Control 19 31.05 7.37 24.70 
Propylthiouracil 15 13.14 D.49 40.23 


22 milligrams per kilo- 
gram 
Propylthiouracil 14 19.48 
22 milligrams per kilo- 
gram 
and 
Thyroxin 
.025 milligram per an- 
imal 


§ 33.68 





would be expected since the largest average fetal weights are contained in 
this group. There is very little difference between the average thyroid weight 
in the other groups. 

However, when the thyroid weights are compared to 100 Gm. of fetal 
weight, the average weight of the thyroid for the control group is 24.7 
mg./100 Gm. of fetal weight, while the weight of the thyroid in the propyl- 
thiouracil-treated group is 40.23 mg./100 Gm. of fetal weight. This was found 
to be a significant enlargement (.01>P>.001). The average fetal thyroid 
weight in the propy!thiouracil and thyroxin-treated group is 53.68 mg./100 
Gm. of fetal weight, which is significantly larger than the control (.01>P> 
001) but not significantly smaller than the second group (.1<P<.2). 

During treatment no difference in activity between the treated pregnant 
females and the controls could be detected. None of the females who com- 
pleted the series of drugs appeared abnormal, and all made a satisfactory re- 
covery from surgery except those which were sacrificed. All the fetal rabbits 
appeared normal and the fetal thyroids were uniformly grayish red in color 
and essentially unremarkable. Grossly no increased vascularity or difference 
in size was noted. 

The sections of the fetal thyroids treated with propylthiouracil showed 
few ehanges as compared with the control fetuses (Figs. 1 and 2). ‘These 
glands showed some hyperplasia with many small acini containing little or no 
colloid. The hyperplasia was moderate and did not compare to that seen in 
the human thyroid under propylthiouracil therapy. The appearance of the 
thyroids of the fetuses receiving both propylthiouracil and thyroxin was not 
appreciably different. The sections of the adult thyroid in the treated groups 
showed slight hyperplastic changes (Figs. 3 and 4). Several nonpregnant 
female adults were treated with 60 and 120 mg. (2 and 4 times the original 
dose) of propylthiouracil each day for 13 days to determine if massive doses 
would produce more pronounced microscopic changes. These glands showed 
the same microscopic picture as the glands from adult rabbits treated above. 
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DISCUSSION 


The data presented indicate that there is a real difference in the relative 
fetal thyroid weights in the control and the propylthiouracil-treated groups. 
This is interpreted as being due to the transplacental effect of the antithyroid 
drug, which caused hyperplasia and weight gain. The fetal thyroid enlarge- 
ment in the propylthiouracil-treated group is in agreement with the results 
of the other investigations in this field.?® 2! 2% * 88 None of these studies 
have reported on the use of propylthiouracil in the rabbit. Peterson and 
Young*®® found a striking enlargement of the fetal thyroid of the guinea pig 
when propylthiouracil was administered to the pregnant adult; however, 
changes of this magnitude were not found in this study. Peterson and Young 
also obtained a decrease in the fetal thyroid enlargement when thyroxin was 
administered in conjunction with propylthiouracil. The decrease of the fetal 
thyroid weight was not significant in this project, and it may be that the 
amount of thyroxin used was not sufficient to block the hyperplasia of the 
fetal thyroid. 

The difference in fetal birth weight between the control and treated 
groups is a significant difference and has not been reported before. Although 
this effect could be due to the hypothyroid state resulting from the antithyroid 
drugs, too many variables affect the birth weight to allow a definite con- 
clusion. Such factors as a difference in the weight of the adults, size of litters, 
and errors in date of fertilization all tend to reduce the value of this observa- 
tion. 


Microscopically the marked hyperplasia that Peterson and Young ob- 
tained in the guinea pig was not seen, although some changes in the fetal 
thyroids could be detected. Even when the dosage was doubled and quad- 
rupled in nonpregnant adults the microscopic sections did not show any great 
changes. Thus, it appears that either the drug was given for too short a 
period of time, or that there is a species differentiation in susceptibility to the 
antithyroid drugs. This suggests that the rabbit is a poor animal to use for 
propylthiouracil studies since the response to the drug may be limited or that 
the period of gestation may be too short for a marked response to become 
manifest. 

In all animal experiments reported, some abnormality has oeceurred in 
the fetus when the mother was given an antithyroid drug. It might be ex- 
pected that the human fetus would be similarly affected, and this is borne out 
by elinieal reports of infant abnormalities. These abnormalities occur in all 
gradations including mild transient thyroid enlargement, severe hypothy- 
roidism, abortion, delayed ossification, retarded growth, or thyroid hyper- 
trophy sufficient to cause tracheal obstruction and death. Any physician who 
treats the pregnant woman with hyperthyroidism should be aware of these 
dangers to the fetus and should take measures to prevent these complications. 
Some experimental work suggests the patient should be given thyroid extract 
coneomitantly with the antithyroid drug to prevent fetal abnormalities. Also 
since there is some evidence that the length of time the drug is administered 
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may have a direct relationship on the incidence of abnormalities,” short-teri 
drug therapy followed by subtotal thyroidectomy in the second or third tri 
mesters would seem to be the most satisfactory treatment. Perhaps if th 
patient could be controlled by Lugol’s solution alone prior to surgery, this 
would further aid in preventing infant complications. 


SUMMARY AND CONCLUSIONS 

In this experiment, the effects of propylthiouracil and propylthiouracil 
and thyroxin upon the rabbit fetus when administered to the pregnant adult 
were determined as shown by the average weight of the fetuses and the rela- 
tive weight of the fetal thyroids as compared to normal controls. 

1. The fetal thyroids of the propylthiouracil group and the propylthio- 
uracil and thyroxin group showed a significant relative weight gain. 

2. The addition of thyroxin to propylthiouracil caused no significant 
change in the relative fetal thyroid weights as compared to those of the rab- 
bits administered propylthiouracil alone. 

3. A definite decrease in the average total fetal weight was noted when 
the adult received either propylthiouracil or propylthiouracil and thyroxin, 
although the decrease in weight was less when thyroxin was added. 

4. It would appear from the clinical experiences reported and from the 
experimental findings that the pregnant women with thyrotoxicosis should be 
controlled whenever possible by surgery after the euthyroid state has been 
attained with the minimal amount of antithyroid drug administered in con- 
junction with thyroxin. 
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AN IMPROVED FLUTTER VALVE SUBSTITUTE FOR WATER-SEAL 
DRAINAGE OF THE PLEURAL SPACE 
PauL A. THomas, Captain, MC, USA, HonoLtuLu, Hawati 
(From the Department of Surgery, Tripler Army Hospital) 


HE necessity for a simple, safe, one-way valve for use in conjunction with 

intercostal catheter drainage of the pleural space was re-emphasized dur 
ing the Korean conflict. Valle’ reported that closed intercostal drainage of 
the chest instituted at forward medical installations was fraught with dangers 
because of the necessity of movement of casualties to the rear. He stated that 
the hazards of moving chest casualties were aggravated by the improper care 
of intereostal catheters and water-seal bottles during transportation. Flutter 
valves have been improvised in the past for the purpose of obviating back flow 
into the pleural space. No one design has been entirely satisfactory for this 
purpose. 

Stimulated to improve on prior models, a plastic encased flutter valve has 
heen developed. This is a substitute for the commonly used water-seal trap 
drainage of the pleural space. The primary objective of this device is to 
minimize the aforementioned hazards of moving chest casualties, back flow of 
fluid into the pleural cavity and blocking of the catheter, to a place of defini- 
tive medical care in time of emergency. This valve also has useful potentiali- 
ties in everyday hospital management of pneumothorax. 

The concept of a one-way valve to allow exit of air and fluid from the 
pleural space was described in the nineteenth century. Various devices were 
used coincident with the development of therapeutic measures for pneumo- 
thorax and empyema.* This culminated in the adoption of the one-way water- 
seal drainage system now in universal use. Chandler and Camb,? in 1939, 
deseribed the attachment of a fingerstall to the open end of a self-retaining 
trocar inserted in the chest for the purpose of relieving pneumothorax. They 
suggested this be adapted for wartime use in the treatment of traumatic 
pneumothorax. This suggestion was modified during World War II to the 
attachment of a fingerstall to the intercostal catheter, with only moderate 
SUCCESS. 

Stephen and Slater, in 1948, described a nonresisting, nonrebreathing 
flutter valve for the administration of inhalation anesthetic agents to pediatric 
patients. The one-way flutter valve principle they proposed was adapted to 
the plastic encased device herein described. The component parts of this 
device are illustrated in Fig. 1, 4A. The outer shell at the left is of standard 
plastic tubing with an internal diameter of % inch. This serves to protect the 
valve, reduces contamination, and allows the attachment of a rubber tubing 
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Fig. 1.—A, The valve disassembled to illustrate the component parts. From left to right 
are the outer shell, a rubber occluding flap, a rubber washer for airtight seal, and the inner 
barrel. B, The valve assembled and ready for use. Note that the design is such that a rubber 
tubing leading to a suction apparatus may be attached to the distal, outer shell of the valve. 


Fig. 2.—A photographic illustration of the valve in use. A catheter was inserted in the 
econd left intercostal space for evacuation of a pneumothorax. The valve was attached to 
the catheter as a substitute for the usual waterseal trap. The patient is semiambulatory and 
requires no specific nursing attention. 
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to the smaller diameter connector for the application of negative pressur 
Next is shown an oval, occluding flap of rubber which is attached to the valy: 
face by a small plastie peg. A cireular rubber washer is provided to insur 
an airtight connection between the inner barrel and the outer shell when th 
valve is assembled. At the far right is the barrel of the valve with a slante: 
valve facing for more efficient action of the occluding flap. At the top of th 
valve face is a plastic peg which serves to hold the occluding flap in place over 
the lumen of the barrel. The barrel is also provided with a plastic connector 
over which a catheter may be slipped. This is for the attachment of an inter- 
costal catheter leading from the pleural space. The assembled valve (Fig. 
1, B) is shown ready for use. The rubber occluding flap lies on the slanted 
valve face held there by a plastic peg. This allows one-way movement of air 
or fluid from the barre] into the outer shell and obviates back flow. The con- 
nector on the barrel of the valve has been attached to a catheter leading from 
the pleural space of the patient (Fig. 2). The connector of the shell may be 
attached through rubber tubing to a source of negative pressure, if desired. 
This design is desirable to permit replacement of parts, sterilization, and re-use. 

The advantages of this valve, as compared with the water-seal trap, are 
as follows: (1) the hazards which may attend the evacuation of chest casual- 
ties beeause of improper handling of water-seal bottles are avoided; (2) pa- 
tients with spontaneous pneumothorax may be treated with intercostal catheter 
drainage on a semiambulant basis at forward medical units with early return 
to duty; and (3) the valve is simple and its application and assembly are 
easily understood. 

Only one disadvantage inherent in the action of any valve of this type 
has been encountered; that is, that visual observation of a pleural air leak by 
bubbling through the water-seal trap is not possible. However, one may hear 
air or see fluid pass through the transparent plastic of the valve. There has 
been a minimal tendency for stasis of blood within the valve and intercostal 
eatheter which promotes clotting. This tendency may be reduced by the ap- 
plication of gentle suction. 

This valve has been used elinically and its funetion proved satisfactory 
in a variety of clinical circumstances. Initially, patients referred to the Sur- 
gical Service for treatment of spontaneous pneumothorax were selected as 
ideal candidates for trial. A fenestrated No. 22 Fr. Robinson urethral catheter 
was placed through the second anterior intercostal space by closed troear 
thoracotomy in the usual manner.' The valve was immediately attached to 
the catheter and the patient was instructed to cough. The patient was trans- 
ported to the Radiology Department where standard chest roentgenograms 
were obtained. In all but two instances complete expansion of the lung on 
the involved side was noted. The patients were subsequently returned to the 
ward where modified bed rest with bathroom privileges was allowed. They 
were instructed to earry out a Valsalva maneuver at intervals to insure com. 
plete evacuation of accumulated pneumothorax. Suction was not utilized in 
order to obtain a more accurate impression as to the function of the valve. 
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The subsequent course for these patients was similar to that observed for 
patients treated with water-seal drainage without suction. Fig. 2 is a photo- 
eraph of one such patient with the valve in place attached to an intercostal 
‘atheter. He was semiambulatory and required no special nursing attention. 

Six patients with spontaneous pneumothorax have been treated with the 
valve substituted for the water-seal trap. In one instance, there was an in- 
complete expansion of the lung after 48 hours. The pleural air leak sealed 
and the intercostal catheter was removed. A fibrin plug was noted blocking 
the lumen of the catheter. Our experience with both the water-seal trap and 
the valve has been that the application of gentle suction to the system will 
improve the over-all results. Two patients with traumatic pneumothorax 
were treated with the valve attached to the intercostal catheter and suction 
applied to the valve. In one instance, a traumatic hemopneumothorax was 
treated in a similar manner. The function of the valve has not been impaired 
by the presence of blood in the pleural space and the result obtained in each 
case was satisfactory. Similarly, the valve has been placed in the drainage 
system for three postoperative thoracotomy patients with no untoward effect. 


SUMMARY 


A one-way, plastic encased valve has been described as a substitute for the 
water-seal trap to be used with intercostal catheter drainage of the pleural 
space. This has proved effective in the following clinical cireumstanees: (1) in 
conjunction with definitive, intercostal catheter drainage treatment of spon- 
taneous pneumothorax; (2) in conjunction with intercostal catheter drainage 
for traumatic hemopneumothorax; and (3) as a substitute for water-seal 
drainage in postoperative thoracotomy patients. This device is not antici- 
pated as a substitute for the water-seal trap under ordinary circumstances at 
the present time. The primary usefulness would appear to be the reduction 
of the hazard of evacuating chest casualties during an emergency. For the 
purpose of investigation, patients requiring intercostal catheter drainage of 
the pleural cavity of air or fluid were selected for trial. A particular peace- 
time use for this valve would appear to be the surgical treatment of spon- 
taneous pneumothorax on a semiambulant basis. 
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DETERMINATIONS OF DEUTERIUM OXIDE AND SUCROSE SPACES 
IN UNTREATED BURNED DOGS 
CHARLES S. Harrison, Caprain, MC, USAR,* anp JeRRoLD M. Becker, 
Caprain, MC, USAR,** Fort Sam Houston, TEx. 


(From the Surgical Research Unit, Brooke Army Medical Center) 


| rag gicio thermal injury, there are profound alterations in the distribu- 
tion of fluids and electrolytes in the body. It is generally accepted that, 
in a burned area, the interstitial fluid compartment expands at the expense of 
the cireulating plasma volume and intracellular water.* 

The degree of disturbance of body fluid and electrolyte distribution is in 
direct proportion to the magnitude of thermal injury, with the exception of 
third degree burns of more than 50 per cent of the body surface. All modern 
formulas of fluid replacement therapy are based upon this principle.* The pos- 
sibility of actually measuring the magnitude of fluid shifts in the severly burned 
but untreated human is very remote because of the urgency of administering 
life-sustaining fluids. This experiment was designed to measure the magnitude 
and direction of the movement of the extracellular and total body water in dogs 
subjected to thermal injury but not given fluid therapy. 

The experiment was divided into 4+ parts: (1) replicate determinations of 
total body water were made on normal adult mongrel dogs to determine the 
reproducibility and variability in the deuterium oxide method used in this lab- 
oratory; (2) replicate studies of extracellular fluid space using a slow, 20-minute 
sucrose infusion technique were carried out in order to assess the reproduci- 
bility and variability of this method; (3) using the animal as its own control, 
studies were carried out on D.O volume of distribution; and (4) determina- 
tions of sucrose space were completed 2 weeks prior to thermal injury and § 
hours after thermal injury. 


MATERIALS AND METHODS 


Adult mongrel dogs weighing between 8 and 20 Ke. were used. The ani- 
mals were isolated in metabolic cages for a period of 4 weeks prior to the in- 
itial determinations and they were weighed 3 times a week. If there was more 
than a normal variation in weight in any animal during this period, that ani- 
mal was not used. 

Food was withheld from the animals for a twelve-hour period prior to 
the experiment ; however, all of the animals had free aecess to water. The dogs 
were anesthetized with intravenous Nembutal anesthesia (30 mg. per kilogram). 
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The femoral vessels were exposed through a small incision in the groin and 
both the femoral artery and femoral vein were cannulated with polyethylene 
tubing. The D.O and sucrose solutions were injected into the femoral vein; blood 
samples were taken from the femoral artery. At the end of the sampling 
period if the animal was not burned, the femoral vessels were ligated, the in- 
cision in the groin was sutured, and the animal was returned to the metabolic 
cage. The burned animals were sacrificed upon completion of the study. 

A standard, body surface burn was produced by immersing the lower half 
of the animal up to a point midway between the groin and umbilicus in water 
at 90° C. for 20 seconds. Following the thermal injury, the animals were ob- 
served for 8 hours. Surprisingly enough, the animals seemed to experience 
very little discomfort as they awakened from this injury, and most of the 
animals required no medication for comfort during the ensuing 8 hours. Those 
animals that did become restless were sedated with small doses of intravenous 
Nembutal. Some animals died. In other animals, the disappearance rate of 
the intravenously administered sucrose disclosed a renal shutdown. Animals 
having renal shutdown were not included in the experiment. 


Determinations of D,O Space.—Twenty cubic centimeters of 99.8 per cent 
D.O* were delivered from a calibrated syringe into the femoral vein eatheter. 
The polyethylene tube was rinsed with normal saline solution. Following in- 
jection, femoral artery blood samples were taken at 214, 31%, and 4 hours. The 
blood samples were collected in nonheparinized glass ampules which were flame 
sealed immediately. The method of preparation and analysis of the blood 
samples was the method deseribed by Schloerb and co-workers.'* 





OPTICAL DENSITY 
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Fig. 1.—Sucrose space in unburned dog. 


Determinations of Sucrose Space.—A sucrose infusion was started 150 
minutes after the injection of D.O, using the femoral vein catheter. The 
sucrose was delivered from a calibrated burette, and the speed of the infusion 


—— 


*Abbott Laboratories, Chicago, IIl. 











638 HARRISON AND BECKER worst 
was controlled by means of a Bowman pump. During the 20-minute infusio1 
approximately 20 ¢.c. of a 10 per cent sucrose solution was given. The pol 
ethylene tubing in the femoral vein was then rinsed with normal saline. Bloo: 
samples from the femoral artery were taken every 5 minutes, both during t! 
infusion and for the next 2 hours. The blood samples were collected in heparii 
ized tubes which were centrifuged immediately. Concentration of sucrose in 
the plasma was determined by the chemical method of Young and Raisz.*° 
The plasma-suerose concentrations were plotted on semilogarithmic pap 
and it was possible to determine the time at which the disappearance curve of 
the sucrose concentration became a straight line (Fig.1). From this point on, 
presumably the vast majority of sucrose lost by the blood was due to renal 
excretion. By determining the rate disappearance after the slope has become 
linear, the concentration at time zero (C,) is ealeulated by extrapolating a line 
fitted by the method of least squares. This takes into consideration the amount 
of sucrose lost prior to equilibration. It is impossible to measure renal excretion 
of sucrose in a dog because it is incompletely recovered in the urine.’ 
Thus, in our ealeulations, the formula used was: 
IV 
D = CG. 
where’ DPD is the volume of distribution, 
IV is the amount injected, and 
C, is the plasma concentration at time zero in which there has been 
both instantaneous injection and equilibration with no urinary loss. 


RESULTS 





Reproducibility of D,O.—Six dogs had replicate determinations of D.O 
as shown in Table I. The standard deviation of the procedure was 510 ¢.c. 
The total body water space averaged 63.85 per cent of the total body weight 
in the first series and 65.19 per cent in the second series. An investigator should 
not rely upon D.O volume as per cent of body weight. The animal may gain 
or lose body fat with little change in the content of total body water and yet 
the per cent of body weight occupied by total body water would fluctuate widely. 
Using the method known as the paired ‘‘t’’ test, a statistical analysis was made. 


TABLE I. REPRODUCIBILITY OF D.O SPACES IN UNBURNED ANIMALS 





FIRST TEST SECOND TEST 














WEIGHT } WEIGHT DIFFERENCE IN 
EXPERI- VOLUME OF OF - CENT} VOLUME OF OF PER CENT| VOLUME OF 

MENTAL | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION 
ANIMAL (L.) (KG.) | WEIGHT | (L.) | (KG.) | WEIGHT (L. ) 
~ 1 4,18 ~ 51.60 4.78 78 61.28 +0.60 
2 11.41 18.4 62.01 11.74 18.6 53.12 +0.33 
3 11.74 18.3 64.15 11.99 18.4 65.16 +0.25 
4 11.02 17.0 64.82 10.85 16.1 67.39 0.17 
5 10.85 16.0 67.81 10.09 15.6 64.68 —0.76 
6 9.57 14.8 64.66 10.08 14.5 69.52 +0.51 





Average —*&9.80 15.43 62.51 9.92  —-:15.17 63.5: +0.127 
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There was no statistically significant difference between the volumes of distribu- 
tion in two consecutive determinations when the animals were used as their 
own controls. 

Reproducibility of Sucrose-—Replicate determinations of sucrose space 
were made on 7 animals (Table II). The sucrose space on the first series of 
determinations occupied an average of 22.55 per cent of the total body weight. 
On the second determination, this space inereased slightly to 24.13 per cent of 
the body weight. It was felt that when an animal was being used as its own 
control, as in the D.O determinations, actual volumes of distribution would be 
a better index of change of body fluids than per cent of body weight, since a 
gain or loss in weight would result in a far greater variability of the figure for 
per cent of body weight than in the actual volume itself. In the sucrose pro- 
cedure, the standard deviation was 204 ¢.c. A paired ‘‘t’’ test analysis was 
made, using the animals as their own controls. There was no statistically 
significant difference between the two determinations when performed at inter- 
vals greater than 2 weeks. 


TABLE II. REPRODUCIBILITY OF SUCROSE SPACES IN UNBURNED ANIMALS 





























| FIRST TEST _ SECOND TEST 
| | WEIGHT | j | WEIGHT DIFFERENCE IN 
EXPERI- | VOLUME OF | OF | PERCENT} VOLUME OF OF PER CENT| VOLUME OF 
MENTAL | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION 
ANIMAL (1L.) | (KG.) | WEIGHT (L.) | (KG.) WEIGHT (L.) 

11 2.833 14.1 20.09 3.126 13.3 23.50 +0293 

12 3.310 14,8 22.36 3.200 14.4 22.22 —0.110 

13 4.129 18.3 22.56 4.018 17.2 23.36 —0.111 

14 4.895 18.5 26.46 4.824 16.7 28.89 —0.07]1 

15 3.099 14.0 22.14 3.258 13.9 23.44 +0.159 

16 4.33 17.0 25.47 4.140 15.6 26.54 —0.190 

17 2.730 14.5 18.83 2.938 14.0 20.99 +0.208 
Average 3.618 15.9 22.56 3.643 15.01 24.13 0.025 





TABLE IIT, Data on D.O Spaces: PREBURN ANIMALS VS. POSTBURN ANIMALS 
































| PREBURN | POSTBURN 
| WEIGHT | WEIGHT DIFFERENCE IN 
EXPERI- VOLUME OF | OF |PERCENT| VOLUME OF OF PER CENT| VOLUME OF 
MENTAL | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION | ANIMAL | OF BODY | DISTRIBUTION 
ANIMAL (L.) | (KG.) | WEIGHT (1. ) (KG.) | WEIGHT (L.) 
20 13.86 19.9 69.65 11.86 21.1 56.21 —2.00 
21 10.11 19.7 51.82 10.44 19.1 54.66 +0.33 
22 14.89 20.9 71.24 3.29 22.1 60.14 —1.60 
23 11.54 17.2 67.09 11.73 17.8 65.90 +0.19 
24 9.84 14.8 66.49 9.82 14.5 67.72 —0.02 
25 11.71 16.1 72.73 11.61 19.5 59.54 —0.10 
26 8.94 14,1 63.40 8.94 15.9 56.23 0.00 
27 9.83 15.6 63.01 7.94 14.6 54.38 —1.89 
Average 11.34 17.3 65.62 10.70 18.1 59.35 —0.636 








Changes of D,O Space Due to Thermal Injury.—Kight animals were used 
in this experiment (Table III). The standard deviation was 1,039 ¢c., an 
amount greater than that in the unburned animal of the D.O reproducibility 
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series. However, when each animal was used as its own control, a statistica! 
analysis by means of the paired ‘‘t’’ test revealed that this difference was no 
statistically significant. 

Changes in Sucrose Space as a Result of Thermal Injury.—These same 
animals which had D.O studies postthermal injury also had simultaneous 
terminations of sucrose space (Table IV). Following thermal injury, ther 
was an average reduction in the sucrose space of 1.091 L. This represented ai 
average volume reduction of 31.67 per cent. Using the paired ‘‘t’’ test, thes: 
differences were examined statistically and the change in the sucrose spac 
following a burn was highly significant (1.0 per cent > P > 0.1 per cent). 


TABLE IV. DATA ON SUCROSE SPACES: PREBURN ANIMALS VS. POSTBURN ANIMALS 








PREBURN | POSTBURN 
| WEIGHT | | WEIGHT DIFFERENCE IN 
EXPERI- VOLUME OF OF |PER CENT} VOLUME OF | OF PER CENT VOLUME OF 
MENTAL DISTRIBUTION ANIMAL OF BODY DISTRIBU TION | ANIMAL OF BODY | DISTRIBUTION 
ANIMAL (L.) ( KG.) | WEIGHT | | (KG.) | WEIGHT | (L.) 
20 4.350 19.9 2186 3.638 21.1 °}#17.24 —0.712 
21 4.982 19.7 25.29 2.715 19. 14.20 ~2.270 
22 4.196 20.9 20.08 3.4: 22. 15.62 0.745 
23 4.018 17.2 23.36 3.545 17. 19.90 ~0.476 
24 3.311 14.8 22.37 2.30: 14.! 15.88 -1.008 
25 4.686 16.1 29.11 08 f 20.97 ~0.596 
26 2.833 14.1 20.09 S 5.§ 11.97 ~0.929 
27 3.512 15.6 22.51 518 6 10.40 -1.994 
Average 3.986 17.3 23.08 2895 181 15.77 -1.091 

















DISCUSSION 

Replicate studies of DO space and sucrose space were performed not only 
to test the actual reproducibility of the method but also to demonstrate the 
normal variation which would oceur if the procedures were carried out on the 
same animal at intervals of 2 or more weeks. If a space method is reproducible, 
it is not necessarily a guarantee that it is accurate or that it measures the 
particular space under investigation. 

There is general agreement that the D.O space method is eurrently the 
best means of measuring total body water.'* In certain pathologie states, the 
capillary and the viscera may handle the D.O in a different manner than the 
normal water molecule.® Such errors are thought to be small and within the 
limits of error in the method itself. Total body water in the human may 
represent between 50 and 65 per cent of the total body weight, depending upon 
the sex and body habitus of the person. In this study, the total body water 
space averaged between 63 and 65 per cent of the dog’s body weight. 

There was little reason to believe that there should be significant alterations 
in the total body water of a burned animal which was untreated. Since only 
8 hours elapsed between the time of injury and the determination of total body 
water, one would expect to find a perceptible decrease in the amount of total 
body water only if there was a significant insensible loss of water. In the D.O 
space studies, the investigators were unable to demonstrate a marked insensible 
loss. Sinee the standard deviation was 1.004 ¢.c., an increase in respiratory 
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loss could have existed without its being detected by this method. Perhaps the 
most practical way of measuring insensible loss would be to weigh the animal 
carefully immediately after thermal injury and again 8 hours later. 


There is no general agreement as to the best procedure by which extra- 
cellular fluid volume may be measured. Among the various substances which 
have been used and reported are inulin,’* ' 1° mannitol,® * suerose,® '* thio- 
sulfate,? radiosulfate,?” 2! sodium-24,!" 1° and bromine-82.1_ The sucrose space 
method used in these experiments was developed in this laboratory.?? Sucrose 
was thought to be more suitable than inulin because of its smaller molecular 
weight (sucrose molecular weight — 342.5, inulin molecular weight = 5,100). 
It is believed that sucrose is not metabolized by the human body, and there 
are no known depots such as exist in the ease of sodium. 


In order to allow a substance sufficient time to diffuse into the most remote 
areas, usually a constant infusion technique is performed over a period of hours. 
In such a pathologie state as thermal injury, however, the fluid dynamics are 
changing so rapidly that it is impossible to derive any valuable information 
using an infusion technique which must be carried out over such a prolonged 
period. A 20-minute infusion of 10 per cent sucrose was used in this experi- 
ment. The investigators were aware that this method might measure only 80 
to 85 per cent of the true volume of extracellular fluid. However, if the same 
fraction of the total space were measured before and after thermal injury, then 
much useful information might be obtained from using this technique. 

The average sucrose space in the normal unburned animal was approxi- 
mately 22 to 25 per cent of the body weight. This is almost the same volume 
as that obtained with mannitol, inulin, and other substances. The discovery 
of a uniformly diminished sucrose space after thermal injury was somewhat 
unexpected, because most of the clinical and laboratory work to date has stressed 
the importance of an expanded extracellular fluid volume. Our burned animals 
experienced an average reduction of extracellular fluid volume of 31.67 per cent. 

One explanation for the apparent decrease in the sucrose space could be 
that there may be an intracellular fluid migration without sucrose being able 
to penetrate the cellular membrane. If this were true, the plasma-sucrose con- 
centration would remain elevated and would give a diminished measurement 
of extracellular fluid volume. There is no reason to believe that this intra- 
cellular fluid migration might not be true, to a certain extent, particularly in 
view of some studies by Fox and his associates,’ who have reported an increase 
in both water and sodium in the burned extremities of laboratory animals. 
However, if an incision is made in the burned area, the wound weeps in a 
copious fashion. This edema fluid appears to be extracellular rather than intra- 
cellular. If the major portion of the fluid shift is to the local wound site and 
remains extracellular, the sucrose space technique must be checked for possible 
sourees of error. 

In pathologie conditions, any alterations of the rate-determining factors 
could profoundly alter the final caleulation of volumes of distribution.t Reduced 
blood flow or an inereased amount of pericapillary fluid due to edema might 
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possibly retard the equilibration rate of larger molecules. Studies have show: 
that the rate of equilibration in edematous areas is inversely proportional t 
the molecular weight of the substance used. In the particular method o 
determination used in this study, a constantly changing blood concentratioy 
curve would be expected following the conelusion of the infusion at the 2 

minute point if the sucrose were diffusing slowly but continuously into 1! 

extracellular fluid at the burned site. In the burned animals, the blood con 

centration curve required more time to assume a straight line on the sem 

logarithmic paper (Fig. 2). However, there was little doubt that the blood 
coneentration did fall in a linear fashion from the 60-minute period on, pre 
sumably as the result of a single function, namely renal loss. 

The second and most likely possibility which might explain this diserepane) 
of experimental finding versus clinical impression is that the blood does not 
truly reflect what is happening in the extracellular fluid compartment. Con 
sequently, the technique of extrapolation back to time zero would not be valid. 
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Fig. 2.—Sucrose space in burned dog. 


During the sucrose infusion, the sucrose leaves the vascular tree and moves 
into the extracellular fluid compartment. It is also lost by renal excretion. 
After the infusion is stopped, the concentration of sucrose in the blood drops 
rapidly and represents a combination of diffusion and renal loss. At only one 
point is there an identical concentration of sucrose in the extracellular fluid 
compartment and in the blood. Thereafter the blood concentration of sucrose 
is less than that in the extracellular fluid compartment due to renal excretion 
with the extracellular fluid compartment acting as a reservoir for the blood 
stream. 

Although the actual concentration of sucrose in the extracellular fluid 
compartment may be slightly greater than that found in the blood, the disap- 
pearance rates of both compartments should be almost identieal. If there had 
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been a wide discrepancy between the two rates, then the disappearance curve— 
as represented by blood-sucrose concentration—would be expected to assume 
an ever-changing slope. This ever-changing slope would reflect the different 
‘ates of release from the extracellular fluid compartment into the blood stream. 
Within the 120-minute time interval and after apparent equilibrium had been 
attained, the investigators were unable to find any marked or continuing change 
in the disappearance rate of sucrose from the blood. Studies are now in 
progress to determine the cause of the paradox of a decreased sucrose space in 
the presence of a clinically expanded, extracellular fluid compartment. 

It is improbable that the sucrose studies carried out in this experiment 
represent the true extracellular space.1* However, it may be that the ‘‘fune- 
tional’’ or dynamic portion of the extracellular fluid compartment has been 
measured. Although the sucrose space would not necessarily measure the 
volume of local wound fluid which had accumulated in the burned area, it might 
demonstrate in a rather dramatic fashion the amount of reduction in the normal 
extracellular fluid compartment caused by the parasitic burn wound. By using 
this suerose space method, it might be possible to check the efficiency of the 
fluid replacement therapy and to determine when the reduced extracellular 
fluid compartment was again restored to a value within normal range. In so far 
as the patient’s welfare depends upon restoration of function in fluid volumes 
and fluid dynamics, true or anatomically accurate determinations of extra- 
cellular fluid volume are actually of aeademie interest only in the treatment of 
burns. 

CONCLUSIONS 


1. Replicate determinations of total body water using D.O on normal adult 
dogs gave an average volume of distribution of 63.85 per cent of body weight 
and a standard deviation of 510 c.e. 

2. Replicate determinations of extracellular fluid volume using a 20-minute 
sucrose infusion technique gave a normal volume of distribution of 23.34 per 
cent of body weight and a standard deviation of 204 c.e. 

3. No statistically significant change in total body water space was observed 
8 hours after a dog had been subjected to a 30 per cent, third degree burn and 
received no therapy. 

4. There was 31.67 per cent average volume reduction in sucrose space 8 
hours after subjecting the dogs to a 30 per cent, third degree burn, during 
which time no treatment was given. 

5. A discussion is presented on the possible explanations for these findings. 


We wish to express our appreciation to Sp.3 Albert S. Skuta, Sp.3 Thomas H. Armao, 
and Hubert F. Linday for invaluable technical assistance in compiling the data. 
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REPORT OF THE REMOVAL OF A TERATOMA FROM THE 
LEFT LATERAL RETROPERITONEAL SPACE 


WALTER D. Wise, M.D., AND RAymonp F. Heurricu, M.D., BALTIMORE, Mb. 


ALUMBO and associates* stated that prior to 1949 there had been 58 cases 

of teratoma recorded. This case is reported because of its rarity, the diffi- 

culty of treatment in some instances, and to add a suggestion about operation. 
Gross, in discussing the pathologic features of teratomas, wrote: 


In the development of the human there can be divisions and segregation 
of tissue or a group of cells at any time, particularly during the early period of 
embryonic life. The splitting-off of substance in the blastula stage, in such a 
way that the segregated tissue stays incorporated in the host, gives rise to an 
included twin, which can attain an extraordinary degree of development leading 
to a fetus in fetu. If the tissue becomes segregated at a somewhat later time, 
cells are involved which have totipotent potentialities, and can give rise to 
structures representing all three germ layers, so called teratomas. ... They usually 
arise high in the abdomen, close to the kidneys and pancreas; usually lie oa one 
side of the midline, but may bulge to the other side; they are more common on 
the left than on the right; they have a well-defined capsule and their blood supply 
is usually from vessels of small size. Retroperitoneal tumors are predominantly 
lesions of young individuals and are usually detected in the first few months of 
life. More than 50 per cent are detected in the first vear of life; about two- 
thirds in the first two years, 


CASE REPORT 


A 7-month-old white girl, born Aug. 14, 1953, was admitted to the Mercy Hospital on 
March 20, 1954, with the following history, her mother being the informant: 

The child was a full-term baby, delivered by low forceps; her birth weight was 7 
pounds, 14 ounces. The mother was Rh negative; the father and the child Rh positive. 

The parents took the baby to a physician on March 19, 1954, for a routine checkup 
and advice as to development and feeding. 

Physical examination by the physician revealed an abdominal mass. The child was 
referred to Dr. Fred B. Smith and he in turn admitted her to the hospital for additional 
study, 

On admission the child was in no apparent distress. There were no skin eruptions, 
cyanosis, or dyspnea; the lungs were clear and the heart was regular in rate, force, and 
rhythm and normal in size and shape. Pulse was 96; respirations were 28; temperature 
was 98.6° F. The abdomen was tightly distended; both sides of the diaphragm were ele- 
vated by the abdominal distention, but mobile. There were grossly distended veins travers- 
ing the subeutaneous tissue of the abdominal wall. A semicystie mass in the midportion of 
the abdominal eavity usurped about three-fourths of its entire area; the palpable solid por- 
tions of the tumor were grossly nodular, its outlines vague, and it seemed immovable; ballot- 
ment was demonstrable. The liver and spleen were not palpable; there was normal intes- 
tinal peristalsis; the bladder was not distended; the lower extremities were not swollen or 
edematous; and the external genital outlet was normal. Admission weight was 18 pounds, 


9 ounees, 
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Fig. 2. 





Fig. 1.—Flat film of abdomen showing mass and displacement of bowel. 
Fig. 2.—Excretory urogram showing displacement of both ureters to right 








\ noane REMOVAL OF TERATOMA FROM RETROPERITONEAL SPACE 647 
Number 


Urine was negative; blood chemistry normal; serology negative. Blood showed hemo- 
globin 10.5 Gm.; red blood cells, 4,940,000; white blood cells, 6,550; normal differential 
count; hematocrit, 39. 

Roentgenograms.—A preliminary film of the abdomen showed a large mass in the left 
abdomen, which displaced the bowel to the right. A few calcific densities were seen di- 
rectly over the lumbar spine (Fig. 1). 

Following injection of contrast media, the kidneys excreted the media well and showed 
no abnormalities. Both ureters were pushed to the right by the mass (Fig. 2). An 
oblique film showed that the previously described calcifications were embryonal tooth strue- 
tures and bone (Fig. 3). <A postoperative specimen film of the teratoma showed various 
hony struetures such as femur, iliac crests, other unidentified bones and teeth (Fig. 4). 





Fig. 3.—Oblique film showing teeth and bone structures in mass. 


It was felt that this represented a teratoma. 

On March 26, 1954, under endotracheal vinethene and ether and oxygen anesthesia, 
the removal of the tumor was accomplished. The only special preoperative treatment was 
the institution, on March 25, of antibiotics and a cutdown on a leg vein for continuous 
intravenous administration of fluids before, during, and after the operation. 


A transverse abdominal incision was made just above the umbilicus 
e ] 





Operative Notes. 
the length of the incision being 8 or 9 inches. Upon opening the abdomen it was seen that 
the partly eystie, partly solid growth could be lifted from below upward and delivered 
through the incision, There was a heavy stalk from the retroperitoneal area under the 
mesentery of the small intestine, pushing up the mesentery and lifting the transverse colon. 
Almost the entire mesentery of the small intestine was attached to the anterior surface of 
the partly eystic, partly solid growth, the growth itself being about the size of a child’s 
football. The attachment of the mesentery led to festooning of the small intestine across 
the growth like a drapery. To have resected all of the mesentery attached to the growth 
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would have meant depriving most of the small intestine of its circulation. An attem 
was made therefore to separate the growth from the mesentery, the dissection being lik; 
separating two pieces of thin friable paper. Great care was taken not to damage branche 
of arteries or veins going to the intestine. At the same time an effort was made not 1 
open the sac which enclosed the monster. A great deal of time was consumed in doing th 
tedious dissection and a point was reached where it was thought impossible to furthe: 





Fig. 4.—Film of surgical specimen showing bony structures. 


separate the mesentery without damaging it, and about this time a small hole was made in 
the sac accidentally, evacuating clear fluid. As long as the peritoneal cavity was thus 
contaminated, it was decided to remove the monster and most of the sac, leaving part of 
it on the mesentery. So this was proceeded with, leaving temporarily a piece of the sac 
measuring about 3 by 2 inches. It was then seen that the sac wall could be split in a dif 
ferent plane of cleavage, the inner surface and practically all of the sac wall being take! 
out without undue damage to the mesentery, and it was in doing this that we encountere: 
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Fig. 5. 











Fig. 6. 


_ Fig. 5.—Teratomatous tumor with a portion of its amniotic-like sac. Note exposed in- 
testinal loops, vernix-covered skin, and rudimentary appendage. 
Fig. 6.—Bisected tumor showing cartilage, brain tissue, and intestinal loops. 
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Fig. 10. 


Fig. 9.—Columnar and squamous lined cysts in muscular tissue (X100; reduced \%). 
Fig. 10.—Small intestine with contained meconium (X100; reduced %). 
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a firm connection of the sac to the vena cava. This vessel could be dissected out without 
damage. In the main stalk there was a good-sized blood vessel which we could not identify 
and it had to be ligated, but this had no visible effect on any particular part of the intes- 
tinal tract, so it was probably an adventitious artery. These growths are supposed to get 
their nourishment from multiple small vessels, but, in this instance at least, one large one 
was encountered. 

The length of the stalk or pedicle, in this case, allowed the mass to come up into the 
abdominal cavity as though it originated within the peritoneum. It is, however, probable 
that it was the well-known variety of postperitoneal teratoma presenting in the manner 
above described. At the conclusion of the dissection everything in the abdomen seemed 
to be in order, No other abnormalities were encountered, The abdominal wall was closed 
in layers using fine silk. 

Postoperative Course.—The convalescence was without incident worthy of noting. The 
weight of the child on admission on March 20 was 18 pounds, 9 ounces, Her weight on 
March 29, three days postoperative, was 14 pounds, 15 ounces. She was discharged from 
the hospital on April 9, with the wound firmly healed and the dressing left off. 

Pathological Report*.—Operation (Dr. Wise): Excision of retroperitoneal teratoma. 

Gross description: A solid and eystic mass, 18 by 14 em., enclosed in a membranous 
sac identical to the amnion; mass weight 1,500 grams. Two-thirds of the surface was coy 
ered with skin and coated with vernix. Tufts of hair were present on the surface. The 
largest cystic bleb contained intestinal coils. The bulk of the solid portion was fat. A 
well-formed bone capped with cartilage and hemorrhagic brain substance was grossly recog- 
nized in the fat. A miniature jointed digit, 4 cm. long, was appended at one pole (Figs. 5 
and 6), 

Microscopic description: Multiple sections revealed many well-differentiated struc 
tures. These included squamous-lined cysts, appendage elements, hair, fat, smooth muscle, 
cartilage, bone, and brain tissue. Completely formed intestine was also seen. The pres 
ence of elements from all three germ layers made this a teratoid tumor, None of the 
elements seen appeared malignant (Figs. 7-10). 

Diagnosis: Retroperitoneal teratoma. 

The child was last seen and examined on Oct. 13, 1954, at the age of 14 months. On 
this date she weighed 24 pounds, 12 ounces, was 2 feet, 61%4 inches in length and had 8 teeth. 
She had walked at age of 14 months, was on a regular diet, had good habits, had had no 
illnesses, and was starting to talk normally for a child her age. On Feb. 15, 1956, twenty 
three months postoperatively, the patient being 30 months old, the family doctor informed 
us that the child has had no complication of any sort following her operation and that she 
is developing normally, both mentally and physically. 


SUMMARY 


The treatment of a teratoma is radical excision. If it is inoperable or only 
partially excised, postoperative x-ray therapy is always indicated. 

Johnson, Searls, and Grimes? reported a case in which the vena cava and 
iliae veins were ligated and the aorta sutured in order to effect a complete re- 
moval of a teratoma, and Gross! cited a case in which a section of the vena 
‘ava and left kidney were removed to achieve the same result. 

In the consideration of teratomas, which may be benign or malignant, il 
would be of great comfort to the surgeon to have more information about the 
usual behavior of the sae or amnion. In the instance of malignancy of the 
monster, is the amnion ever involved (unless by direct extension)? If the en- 
closing membrane may be counted upon as being benign, the operation might be 


*By C. G. Warner, M.D. 








ner . REMOVAL OF TERATOMA FROM RETROPERITONEAL SPACE 653 
umber 


greatly simplified, even to the point of leaving some of the sae. The mesentery 
of the small intestine in children is so delicate and easily wounded that any 
measure to insure its safety is worth serious consideration. In this case, the 
mesentery and the sae were practically blended for a large area and dissection 
was very tedious and had to be most carefully done. A small section of the sae 
was left temporarily and it was then seen that working from what had been 
the inner surface the sae was much more easily removed. Ultimately all of the 
sae was removed except a small piece about 0.5 em. in diameter surrounding the 
vessel. From this small piece, the inner layer was stripped. 

In the teratoma herewith reported, there were no malignant elements, but 
this was not known until days after the operation. It was thought desirable at 
the time to remove all the amnion because it was adherent to the monster for 
a large area. 
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THE SURGICAL PATHOLOGY AND TREATMENT OF SACCULAR 
ANEURYSM OF THE THORACIC AORTA: REPORT 
OF AN ILLUSTRATIVE CASE 


SANFORD KE. LEEDS, M.D., AaNp Harotp H. LINDNER, M.D., SAN FRANCISCO, CALIF 


(From the Harold Brunn Institute for Cardiovascular Research, Mount Zion Hospital) 
INTRODUCTION 


HE resection of coarctation of the aorta and subsequently of aneurysms of 

the thoracie aorta have been significant developments in the field of eardio- 
vascular surgery. <A sufficient number of cases have been successfully treated 
to establish the general principles of treatment of these lesions. The purpose 
of this report is to review the development of the present surgical methods of 
treatment of aneurysms of the thoracic aorta and to deseribe in detail a case 
of luetic saccular aneurysm of the thoracie aorta. The pathogenesis of the 
luetie proeess and the influence of the various forms of antiluetic therapy on 
the process will be mentioned. They are of importance in understanding the 
pathologie conditions and technical problems encountered at the time of surgery. 


ETIOLOGY 


The principal causes of aneurysm are syphilis and arterioselerosis. Rarer 
etiologic agents are trauma, bacterial infection, and Marfan’s disease. Con- 
genital aneurysms are also occasionally encountered. Coaretation of the aorta 
is a common cause of aneurysm which develops in the poststenotic¢ dilated por- 
tion of the lesion. Aneurysm of the intercosal arteries are not infrequent in 
association with coarctation. 

Syphilitic aneurysms are usually saccular and occur most frequently in 
the arch and thoracic aorta. They are common under the age of 55, are often 
associated with pain and bone erosion, and have generally a poor prognosis. 

Arterioselerotic aneurysms, on the other hand, occur in patients over 55, 
are more frequently below the level of renal arteries, and have a more variable 
prognosis. 

Traumatic aneurysms occur most frequently near the ligamentum arterio- 
sum. They follow a tear in the wall of the aorta due to a shearing stress pro 
duced by a sudden stop, such as occurs in automobile accidents. Thus, they 
resemble luetic aneurysms in that they are saceular, 
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Aneurysms of the sinus of Valsalva are usually acquired from syphilis or 
bacterial endarteritis. Occasionally there is a congenital weakness in the wall 
of the heart at the base of the aorta which leads to their development. 

Marfan’s disease appears to be an abiotrophy of some connective tissue 
element. When the defect is in the aortic media it manifests itself by dissect- 
ing aneurysm, diffuse aneurvsm of the ascending aorta, or a combination. 
Arachnodactyly may be associated.*** 

Classifications of aneurysms according to etiology, anatomic type, and loca- 
tion are given in Table I. 





























TABLE I 
ETIOLOGY USUAL TYPE | USUAL LOCATION 
Syphilis Saceular Thoracie aorta 
Sinus of Valsalva 
Arteriosclerosis Fusiform Abdominal aorta 
Dissecting Thoracic or abdominal aorta 
Trauma Saecular Thoracic aorta 
Bacterial infection Saecular Thoracie aorta 
Sinus of Valsalva 
Marfan’s disease Diffuse or dissecting Ascending aorta 
Congenital Saceular Thoracie aorta 
Sinus of Valsalva 
Associated with coaretation of aorta Saceular or fusiform  Thoraecie aorta 
PROGNOSIS 


Luetie saccular aneurysms of the thoracie aorta have a poor prognosis. 
Only 18 of Kampmeier’s*! 633 patients lived for more than 2 years following 
the first symptoms. Most of them died within the first 6 to 9 months. The 
prognosis of eardiovascular lues is altered by adequate antisyphilitice treat- 
ment. In 59 eases of aneurysms observed for more than a year, the average 
duration of life after detection of the lesion was 37 months under inadequate 
treatment as against 75 months under adequate therapy (Cole™). These re- 
ports were made prior to the introduction of penicillin; the treatment con- 
sisted of arensical and interim heavy metal injections. Peralta,*! in Peru, re- 
viewed 755 eases of cardiovascular syphilis treated with penicillin. He states 
that large aortie aneurysms and acute myocardial infaretion are serious con- 
traindieations to penicillin therapy. In spite of the usefulness of penicillin, 
Peralta feels that the prognosis of complicated cardiovascular syphilis seems 
to remain unchanged with the advent of penicillin treatment. 

SURGICAL PATHOLOGY OF LUETIC ANEURYSMS 

The walls of the aorta and the larger arteries are invaded by the T'repo- 
nema pallidum via the vasa vasorum or by way of the lymphaties from medi- 
astinal nodes from whence they pass into the perivascular lymph spaces around 
the vasa vasorum of the ascending aorta. The lymphatic spread of the micro- 
organisms explains their predilection for the aorta and the rarity of endo- 
cardial and myoeardial lesions. 

The invasion of the spirochetes is followed by an obliterative endarteritis 
of the vasa vasorum and perivascular round cell accumulation in the adventitia. 
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The involved areas become replaced by sear tissue and by new vessels, both ot 
which extend into the media. The lesions in the media are due chiefly to dam- 
age to the nutrient vasa vasorum and also in part through direct inflammatory 
changes in the media. The essential lesion is a necrosis of muscle and patchy 
destruction of elastic tissue with the formation of scars markedly distorting 
the architecture of this vessel layer. Throughout the media there is an in 
filtration of round cells, plasma cells, and fibroblasts (‘‘mesaortitis’’). Th 
thinning of the aortic wall and its loss of elasticity are essentially due to th: 
destruction of the medial layer followed by fibrosis. This leads to aneurysm 
formation when there is focal weakness of the wall. The wrinkled, puckered 
appearance is the result of the contraction of scar tissue extending from thi 
adventitia to the intima. Owing to the fibrosis which occurs, the wall of th 
aneurysm adjacent to the lumen of the aorta ean hold sutures very well, in 
contrast to arteriosclerotie aneurysms where the opposite is the ease. 

There is evidence that an adventititus or even a periarteritis may furnish 
the primary source of the damage rather than the well-known mesaortitis asso- 
ciated with the involvement of the vasa vasorum (Klotz*?). Roentgenogranis 
may indicate the presence of enlarged lymph nodes around the ascending por- 
tion of the areh and evidence of thickening of the aorta. This is further in 
direet evidence of a perivascular process. Inerease in definition of the margin 
of an aneurysmal sae and decrease in its density have been observed several 
times after treatment and seem to confirm the impression that treatment re- 
lieves symptoms by resolving an external inflammatory process. A mediastini 
tis is set up by the perivasculitis in many cases (Stokes*®). 

The mechanism of the development of an aneurysm is a localized bulging 
at a weak spot due to the fibrosis deseribed above. Although the syphilitic 
process may be widespread throughout the entire cardiovascular system, most 
syphilitic aneurysms represent localized blowouts. If the localized area is 
excised the remaining portion of the cardiovascular system may function sat- 
isfactorily for years. Traumatic, congenital, and bacterial aneurysms are usu- 
ally even more localized. 

The relationship of the blood pressure to aneurysm formation is of inter- 
est. The tendeney of the systolic blood pressure in both aortitis and aneurysm 
is to be low rather than high (Martland**). The diastolic pressure tends to be 
low in aortitis without aneurysm, presumably due to some involvement of the 
aortic valve with aortic insufficiency. However, in aneurysm the diastolic pres 
sure is high. It appears therefore that the integrity of the aortie valve, by 
making possible the maintenance of normal or high diastolic pressure, is the 
more probable factor in deciding whether a diseased aorta will tend to develop 
aneurysmal dilatation or not (Holman?*). In aortie insufficiency the systolic 
pressure may be higher than in aortitis with a competent valve, but sinee the 
diastolic pressure is low the pressure on the aortie wall is less. If aortie val 
vulitis is the principal feature of the picture, the patients tend to escape aneu- 
rysm by the presence of the low diastolic pressure associated with reeurgita- 
tion. They reap little benefit thereby, however, for they are only precipitated 
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into myocardial failure from atresia of the coronary orifices, coronary sclerosis, 
and the ultimate decompensation of an inadequate hypertrophied, fibrous myo- 
eardium. 

Primary involvement of the pulmonary artery by syphilis is extremely 
rare. According to Laubry and Thomas* it may take the form of (1) a specific 
primary arteritis, (2) a secondary arteritis accompanying the so-called 
Ayerza’s disease, or (3) sclerotic changes. The proliferative type of arteritis 
with gummatous changes leads to sclerosis, scarring, and pulmonary valvular 
sclerosis or aneurysm (Allen and MeCracken?). The syphilitic character of the 
Ayerza syndrome is regarded by a number of observers as not completely 
established. 

The pulmonary artery is usually involved only secondarily by the aortitis 
or by an aneurysm. Nicholson‘? remarks that the majority of ruptures into 
the pulmonary artery occur with aneurysms of the first part of the thoracic 
aorta. Of 74 reported cases of rupture into the pulmonary artery in which 
the site of aortic aneurysm was mentioned, 63 were of the ascending aorta 
alone (85 per cent), 2 were of the arch (3 per cent), and one was of the trans- 
verse and descending aorta (one per cent). In a large majority of the eases 
collected by Nicholson, the aorta and pulmonary artery were very adherent 
to each other and were separated only with difficulty at autopsy. Donnell, 
Levinson, and Griffith?’ comment on the use of cardiae catheterization and 
angiocardiography in demonstrating compression of the right main pulmonary 
artery in one case and an aortic-pulmonary fistula in another secondary to 
syphilitic aortic aneurysms. 

It has been pointed out by Jackman and Lubert*® that calcification in the 
ascending aorta is frequently associated with syphilitic aortitis and may be 
demonstrated by roentgenograms. This was observed most commonly in the 
right border of the ascending aorta. Of 66 cases of pathologically proved 
syphilitic aortitis, 15 (22.7 per cent) had calcification in the ascending aorta 
visible in roentgenograms. The ealcification only appears with syphilis of long 
duration. The observations of Jackman and Lubert have been confirmed by 
Thorner, Carter, and Griffith*S and others. G. Herxheimer®* points out how 
rapidly, especially with advancing years, the characteristic picture of aortic 
syphilis is cloaked by extensive arteriosclerosis, leading to marked fatty 
changes, atheroma, and calcification. 

Erosion of the vertebrae occurs in association with aneurysms of the 
descending aorta and is frequently associated with severe pain of a radicular 
nature. Hoarseness from paralysis of the vocal cord by involvement of the 
left inferior laryngeal nerve (recurrent) is not infrequent. Dysphagia occurs 
with pressure on and displacement of the esophagus by the aneurysm. 

The elinieal and roentgenologie signs of the above pathologie changes will 
not be discussed here since they are well deseribed in current textbooks. 

In addition to rupture into the pulmonary artery (Porter**), luetie aneu- 
rysms can rupture into the superior vena cava (England?*), right auricle, the 
‘sophagus (Calenda and Uriechio"™’), trachea or bronchus (Baer*), through 
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the diaphragm into the abdominal cavity or into an abdominal viseus (Renne1 
and Sindelar**), or into the pericardium. Aneurysms of the aortic sinus 
(Valsalva) frequently rupture into the right side of the heart and a continuous 
bruit is the result. They may also rupture into the pulmonary artery. Thess 
aneurysms usually are in either the right anterior or posterior sinus. Thos¢ 
in the anterior sinus are frequently associated with a ventricular septal defect 

Anterior sinus aneurysms rupture into the right ventricle in the outflow tract. 
Lesions in the posterior aortic sinus rupture into the right atrium. The post 


rior sinus is the ‘‘noneoronary’’ one and therefore the most susceptible to 
surgical treatment. Kirklin tried unsuccessfully to close one (quoted by 


Burchell’) through a right atrial approach. 


CASE REPORT 


J. A. B., a 49-year-old Negro male laborer, stated that he first had a positive serologic 
test for syphilis in 1941. In 1945 there were no symptoms referable to his cardiovascular 
system and his physical examination was normal. Because his blood and spinal fluid serol 
ogy was positive, he was hospitalized in February, 1946, for pyrotherapy and injections of 
Mapharsen. He was hospitalized again in March, 1946, for nausea and light-headedness, 
probably related to the therapy. During the next 8 to 10 months he received injections of 
heavy metals. In April, 1947, routine blood and spinal fluid Wassermann tests were still 
positive. 

On Aug. 3, 1949, the first objective suggestion of an aneurysm appeared when a mass 
survey miniature roentgenogram of the chest revealed a rounded mass in the superior medias 
tinum. However, no symptoms appeared until March, 1953, when he developed persistent diffi 
culty in swallowing with some regurgitation of ingested food. X-rays showed an enlargement 
of the mediastinal mass and marked erosion of four thoracie vertebrae (fifth to eighth). He 
was hospitalized in April, 1953, for study. At that time the main symptom was dysphagia. 
The patient swallowed food only with difficulty and usually had to wash it down with water. 
The significant findings on physical examination were as follows. The blood pressure was 
132/78 right arm and 128/76 left, A. was louder than P., and there was a rough Grade 2 sys 
tolic murmur in the left third and fourth intercostal spaces parasternally. There was some im 
paired resonance dorsally along the right borders of the third, fourth, fifth, and sixth thoracic 
vertebrae with increased breath sounds (D’Espine’s sign) possibly indicative of mediastinal in 
filtration. It is noteworthy that the blood complement fixation test was now negative although 
no specific therapy was given since he last had a positive Wassermann test in 1947. The spinal 
fluid Wassermann was negative, the colloidal gold pattern was 2 3 33210000, Fluoros 
copy of the chest with a barium swallow showed “a relatively homogenous mass in tlie 
superior mediastinum extending from the anterior mediastinum posteriorly to the vertebral 
level. There were several calcific streaks on the left lateral margin. Fluoroscopically no 
pulsations were demonstrated. There was considerable erosion of several of the dorsal 
vertebral bodies adjacent to the mass (fifth to eighth). The esophagus was displaced 
anteriorly and slightly to the left at the lower level of the mass.” Retrograde arteriograph) 
was done on April 10, 1953, by passing a catheter through the left brachial and subclavian 
artery into the descending aorta. The aneurysm was well visualized. X-rays were repeated 
Oct. 13, 1953, and showed an increase in the size of the aneurysm and further erosion of 
the vertebrae. 

The patient had two rather severe accidents during the period of observation from 
1953 to 1955. On Feb. 6, 1953, while working as a gardener, he slipped and fell onto his 
sacrum and occiput. He was treated for cerebral concussion and lumbosacral contusior 


for a month. On April 22, 1955, he sustained a severe electric shock which knocked hin 
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down and produced unconsciousness for 5 minutes. He was resuscitated by the fire depart- 
ment with a pulmotor. Following the injury he began to have blackout spells, increased 
gastrointestinal disturbances, increased dysphagia, salivation, and loss of memory. 

In December, 1955, the patient began to have precordial chest pain. He was hospital- 
ized Dee. 18, 1955, for surgical excision of the aneurysm. The significant physical findings 
at this entry were similar to those of 19538. The blood pressure was 122/80 in both arms. 
There was a Grade 4 mitral murmur; the A, was slightly hollow and louder than P,. Sickle 
cells were noted in the blood. Pretibial lesions were present and possibly related to the 
sickling. The Kahn test was positive and the Kolmer test was negative. The spinal fluid 
was not examined. The ECG showed changes consistent with increased left ventricular 
enlargement. The x-ray films were described as showing (Figs. 1 and 2) “a large medi- 
astinal mass without enlargement of the heart. There is erosion of the fourth to eighth 
thoracic vertebrae. The left main bronchus and trachea are displaced slightly anterior. 
The esophagus is partially obstructed.” 

Operation was performed Dee. 21, 1955. After anesthetizing the patient and turning 
him on his right side, ice packs were placed along the spinal column. A long, left postero- 
lateral incision was employed with removal of the fifth rib and the division of the fourth 
and sixth ribs posteriorly. There was a large saccular aneurysm (Figs. 3-6) which arose 
from the posterior aspect of the descending aorta about 5 em. distal to the left subclavian 
artery. It measured about 8 to 10 em. in diameter. The neck of the sae was large anid 
measured about 7 em. The aorta was displaced anteriorly about 5 to 7 em. and encroached 
on the hilum of the left lung, the esophagus, and slightly on the trachea. The left vagus 
nerve was stretched tautly by the dislocation of the aorta. The aneurysmal wall was thin 
and contained areas of waferlike calcific plaques. A bulging, pulsating area 1 em. in diameter 
on the inferior portion of the sac near the neck appeared to be a potential blowout area. There 
were remarkably few adhesions of any kind to the thoracic viscera. The aorta proximal 
to the aneurysm was dilated in a fusiform manner for a distance of about 5 em. and plaques 
of calcification were palpable in the wall. The area of the aorta opposite the sae was only 
slightly dilated and contained a calcified plaque. The aorta distal to the aneurysm was en- 
tirely normal in size and was compressible. The left subclavian artery was of normal size 
and consistency and strikingly smaller than is observed in patients with coarctation of 
the aorta. The transverse arch of the aorta was elastic and not calcified. 

The aorta distal to the aneurysm was first mobilized. One pair of intercostal arteries 
was divided. The aortic arch and pulmonary artery were dissected free from one another. 
Due to dense adhesions this was difficult and time consuming. The neck of the sae was 
next undermined, dissecting carefully between the posterior aspect of the neck of the sac 
and the esophagus. Fortunately these structures were not markedly adherent. Tapes were 
passed around the structures thus isolated, namely, the aorta proximal and distal to the 
aneurysm and the neck of the sac. The dissection of the neck of the sac gave us confidence 
that we could quickly close the lateral opening in the aorta after applying clamps to the 
aorta and opening the aneurysm. It would have been preferable to have placed a clamp 
across the neck of the sac, but none of the clamps available were satisfactory for this 
purpose. 

The next step was to occlude the aorta above and below the aneurysm with clamps 
since we were unable to cross-clamp the neck of the aneurysm. The proximal clamp was 
placed about 5 em. proximal to the neck of the sae. It could not be placed closer to the 
aneurysm due to the calcification described above. The distal clamp was placed 1 em. 
distal to the aneurysm (Fig. 4). 

After clamping the aorta, the sac was widely opened about 1.5 em. lateral to the aorta 
and some of the gray grumous contents together with a few clots of blood were scooped out. 
There was no active bleeding from the aneurysmal sac suggesting that the intercostal ves- 
sels in the area of the aneurysm had been occluded by the luetic process or by pressure 
from the expanding aneurysm. Mattress sutures of 3-0 Deknatel silk on curved medium 
Ferguson needles were inserted along the margin of the aortic opening. A second row of 
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Fig. 1.—Posterior-anterior view of chest with barium in the esophagus. The obstruc- 
tion of the esophagus is well shown. The patient had marked dysphagia. Calcification in the 
wall of the aneurysm may be seen. 








Fig. 2.—Oblique view showing displacement of the esophagus anteriorly by the aneurysm 
Erosion of the bodies of the fifth to eighth dorsal vertebrae is outlined. 
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Fig. 3. Fig. 4. 
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Fig. 3.—Appearance of saccular aneurysm on opening the chest. 
; Fig. 4.—Aorta cross-clamped above and below the aneurysm. The sac is open and a por- 
tion of its contents is removed. 

" Fig. 5.—The opening in the side of the aorta has been closed by a row of interrupted 

sutures. 

Fig. 6.—A second row of interrupted figure-of-eight sutures has been placed on the free 
margin of the divided neck of the sac. The entire sac has been removed as completely as 
possible and the cavity irrigated thoroughly. The eroded bodies of the vertebrae are seen. 
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figure-of-eight sutures was placed on the free margin of the divided neck of the sac. The 
distal clamp was then removed from the aorta and no bleeding occurred. The proximal! 
clamp was then slowly removed. The entire period of occlusion of the aorta was 43 
minutes (Figs. 5 and 6). 

The remaining portion of the aneurysmal sac was next attacked and as much of the 
wall as could be excised was removed. Care was taken to avoid injury to the esophagus. 
All the grumous material was removed and the cavity was thoroughly irrigated with nor 
mal saline solution. Inspection of the interior of the sac revealed the eroded bodies of the 
vertebrae posteriorly and the left wall of the esophagus laterally. The portion of the sac 
which lay against the ribs and intercostal muscles posteriorly was extremely thin and trans 
parent. 

When the chest was first opened the blood pressure dropped from 110 to 80 mm. Hg. 
[It remained at 90 to 100 mm. Hg during most of the operation. The blood pressure in the 
arm rose to 160 mm. Hg during the period of occlusion of the aorta. 

Five units of blood were given during the procedure. The postoperative course was 
relatively smooth. The patient was able to move his legs immediately after recovery from 
the anesthetic and he excreted urine without delay. He was discharged on Jan. 8, 1956, 
IS days after surgery. The relief of the dysphagia was striking. 

Four incidents in the postoperative course may be mentioned: (1) A rapid pulse 
ranged between 110 and 120 for the first 2 weeks postoperatively. (2) An episode of acute 
gastric dilatation on the third day postoperatively necessitated nasogastric suction for 48 
hours. (3) Palsy of the left recurrent laryngeal nerve with left cord adductor spasm and 
voice changes occurred. This persisted after surgery with gradual regression of symptoms 
and complete return of movement of the vocal cord. All three of these episodes were quite 
possibly due to trauma to the left vagus nerve. As mentioned, the left vagus nerve was 
placed on a stretch by the anteromedial dislocation of the aorta by the aneurysm and must 
have been further traumatized by the dissection. 

(4) An electrocardiogram taken 7 days following surgery (Dee. 28, 1955) suggested 
pericarditis and anterior myocardial infarction. The latter was possibly due to hypoten 
sion produced during surgery. By Jan. 6, 1956, the electrocardiogram had reverted to the 


preoperative pattern. 


HISTORY OF THE DEVELOPMENT OF THE SURGICAL TREATMENT 
OF THORACIC ANEURYSMS 

Numerous methods of surgical treament have been advocated over the 
years. Three methods have been used extensively enough in recent years to 
be evaluated. These are (1) production of a clot within the aneurysm, (2 
external reinforcement, and (3) excision of the aneurysm followed by suture 
of the defect or replacement by a graft. 

Two of the first attempts at treatment of aneurysm were by Velpeau’’ in 
1830 and later by Phillips*? in 1832. They suggested the insertion of needles 
into the aneurysmal sae in order to produce thrombosis. They were able to 
produce thrombosis in the arteries of animals in this manner. In 1864, Moore 
and Murchison*® passed a wire into the aneurysm sac. In 1868, Ciniselli’ 
used galvanopuncture to promote thrombosis in aneurysms. Buressi and 
Corradi® in 1879 passed a wire into the aneurysm sae and then passed an 
electrie current through it, thus combining the two previous methods. This 
procedure came to be called the Moore-Corradi method. Blakemore® has used 
this principle and reported a 10-year follow-up of his cases. He showed that 
only 27 per cent were living, although most of these were symptom free and 


working. 
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In a later study by Blakemore and Voorhees’ of 63 eases of thoracic aneu- 
rysm treated surgically they state, ‘‘Wiring and thermoecoagulation gives 
remarkable relief of symptoms with stabilization of the aneurysm in a high 
percentage of cases up to 4 years following operation.’’ It becomes obvious 
that the method ‘‘was not curative for aneurysms arising from the aorta 
proximal to the renal arteries.’’ 

Several palliative methods of treatment were deseribed from time to 
time. Decompression of the mediastinum by unroofing the bony structures 
resulted in earlier rupture of the aneurysm. Another indirect attempt to 
improve the condition of the patient was to lower the intra-aortic pressure 
hy proximal ligation of the aorta in intra-abdominal aneurysms. Arteriovenous 
fistulas were created, that is, carotid artery-jugular vein anastomoses, in order 
to arrest the progress of intrathoracic aneurysms by lowering the intra-aortic 
pressure. Although temporary improvement followed, the effects on the heart 
were severe and made the method unfeasible. 

Free fascial grafts were used early in this century by Tuffier in France 
and Sauerbruch in Germany to prevent enlargement of the sac. This approach 
was a forerunner of the use of cellophane and other plastics which were intro- 
duced within the past decade by Yeager and Cowley.*! Abbott! treated 32 
patients by wrapping with cellophane and stated that life was not prolonged 
in any patients with advanced disease. The only benefit was relief of pain in 
40 per cent of the cases. Pain was relieved by some of the other procedures 
and also by the use of paravertebral injections. 

The modern method of excision of the sae was attempted by Tuffier*® but 
was never successful, due to infection. He ligated the neck of a saccular aneu- 
rysm in 1902. The patient died 13 days later of a secondary hemorrhage. In 
recent years the definitive treatment of aneurysms by resection and grafting 
has been developed. This has been a significant part of the general develop- 
ment of cardiovascular surgery and is directly related to the successful surgi- 
cal attack on coarctation of the aorta. As experience was gained in dissec- 
tions of the aorta and in the use of arterial homografts (introduced by Gross 
in 1948?°) in the treatment of coaretation, it became apparent that these 
methods were applicable to the excisional treatment of aneurysms. Hufnagel*? 
was one of the first to consider this possibility. In 1951, Lam and Aram*® 
resected a thoracic aortic aneurysm using an intraluminal shunt. In 1952, 
due to the development of these new concepts and because the prognosis of 
untreated aneurysms was so poor, Cooley and DeBakey'® advocated an aggres- 
sive attack with a view toward extirpation of aortic aneurysms. They de- 
scribed a technique of lateral arterial suture to repair large aortic defects and 
performed the first successful operation of excision with homografting Dee. 
31, 1952, on a patient with an aneurysm of the lower thoracie and upper ab- 
dominal aorta, safely cross-clamping the aorta for 45 minutes. The success 
of Dubost,?! who first reseeted an abdominal aortie aneurysm and inserted a 
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homograft in 1952 was followed by others (DeBakey and Cooley**). Bahnson' 
reported the successful excision of a luetic saccular aneurysm of the ascending 
aorta after clamping the neck of the sae. 

It was found that cross-clamping the aorta in dogs was followed by damage 
to the spinal cord (Gross and Hufnagel** and Leeds**). Shunts around the 
occluded segment of the aorta were developed to prevent ischemia of the spinal 
cord. These may be intraluminal or external. Clatworthy and Vareo' 
showed experimentally that small bore polyethylene shunts will carry enough 
blood to prevent spinal cord damage. Schafer and Hardin*® confirmed this 
and applied the method clinically. They found that small shunts created a 
tremendous work load on the heart and contributed to a prohibitive mortality. 
Leeds and Culiner** used a pump to shunt blood from the carotid artery to a 
polythene tube passed up the femoral artery to a point just below the clamped 
portion of the aorta. They were able to cross-clamp the aorta of dogs for 3 
hours by this means without damage to the spinal cord. 

The ascending and transverse arches permit cross-clamping with a 
heart-lung apparatus (Cooley and DeBakey'’’). Without this technique it is 
neeessary to suture homologous, heterologous, or plastic grafts to the side of 
the ascending aorta and conduct blood to the descending aorta beyond the 
aneurysm. Extensive aneurysms or multiple fusiform and saccular aneu- 
rysms have been attacked in this way. At least one of the carotid vessels 
must be attached to the shunt. Mahorner and Spencer** were the first to 
advocate this method and Stranahan, Alley, Sewell, and Kausel*? employed it 
successfully for excision and grafting of a saccular aneurysm distal to the 
left subelavian artery. As mentioned above, Lam and Aram** used an intra- 
luminal shunt for the excision and grafting of an aneurysm of the descending 
aorta. Their patient survived for 3 months and died from an infection in the 
aneurysmal sae which had been left in place. 

Hypothermia may be used as an adjunct to protect the cord from ischemic 
damage.** The hypothermia may be general or localized to the spinal region. 


SURGICAL TREATMENT OF THORACIC ANEURYSMS 

The excisional treatment of aneurysms is outlined in Table Il. The tech- 
nique depends on the type (saccular or fusiform) and location of the aneurysm, 
that is, ascending arch, transverse arch, or deseending aorta. The safety of 
cross-clamping the thoracic aorta, when this drastic method is required, de- 
pends on the level at which it is clamped, the duration of the clamping, the 
length of the segment to be excised, the metabolic needs of the patient, and 
the extent of the collateral circulation. 

Saccular aneurysms in the arch or descending aorta may be excised after 
clamping the neck of the aneurysm and tangential suturing of the aorta. This 
is the simplest method. The luetie aorta is thick and fibrotic and as stated 
holds sutures well. Needles are passed through it with some difficulty. If 
the aneurysm is located distal to the left subelavian artery and if one cannot 
clamp across the neck of the sae for any reason, the aorta may be eross-clamped 
above and below the aneurysm, and excision and lateral suture may be earried 
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out. If the aorta is occluded no more than 50 to 60 minutes, damage to the 
spinal cord is less apt to oceur. Local hypothermia to the spinal area or gen- 
eral hypothermia (82 to 85° F.) adds to the safety of this procedure.” 


TABLE II, EXcISIONAL TREATMENT OF ANEURYSMS OF THE THORACIC AORTA DEPENDS ON 
TYPE AND LOCATION OF THE ANEURYSM 








Excision and Lateral Suture of Aorta for Saccular Aneurysms 
A. Descending aorta 
1, Clamp base of saccular aneurysm 
2. Clamp aorta above and below aneurysm 
B. Ascending aorta and arch 
1. Clamp base of saccular aneurysm 
2. Extraluminal by-pass shunt from ascending aorta to descending aorta preserving 
flow to head, with cross-clamping of aorta above and below aneurysm 
3. Heart-lung apparatus; clamp aorta above and below aneurysm 
Excision and Graft for Fusiform, Fusosaccular, or Multiple Saccular Aneurysms 
A. Descending aorta 
1. Clamp aorta above and below aneurysm for 50 to 60 minutes 
2. Intraluminal shunt 
3. Extraluminal shunt left subclavian artery to descending aorta 
4. Extraluminal shunt ascending aorta to descending aorta 
B. Ascending aorta or arch 
1. Extraluminal shunt between ascending aorta and descending aorta with preserva- 
tion of flow to head 
2. Heart-lung apparatus; cross-clamp aorta above and below aneurysm, insert graft. 








Remarks: 

Cross-clamping of descending aorta for 50-60 minutes will not cause damage to spinal 
cord in most instances. However, cross-clamping the neck of the sac is much less hazardous 
and would be preferable. 


Local or general hypothermia adds to safety of cross-clamping aorta. 

Avoid ligating any more intercostal arteries than absolutely necessary. 

Most aneurysms in thoracic aorta are saccular and do not require a by-pass shunt. 
Special instruments are needed to clamp neck of saccular aneurysms. 

The sac and its contents must be removed as completely as possible. 

Antibiotics are most important. 

Renal failure has been cause of death following long operations using by-pass shunt. 
Cerebral circulation must be maintained during by-pass shunt operations. 


Excision and a graft are required if the aneurysm is fusosaecular, fusiform 
or if multiple saccular aneurysms are present. In the descending aorta distal 
to the left subclavian artery, cross-clamping above and below the segment to 
be resected may be feasible. The insertion of a homograft can be accomplished 
with interruption of the blood flow for 50 to 60 minutes, preferably using 
hypothermia. 

If the segment to be resected is in the ascending aorta or transverse arch, 
a by-pass shunt may be required. Fortunately, the need for a by-pass shunt is 
uncommon since aneurysms in this region are usually saccular. The shunt 
(Mahorner and Spencer**) may be of a plastic material (Stranahan and ¢o- 
workers*?) but homografts or heterografts (Chamberlain and co-workers") 
are probably easier to handle. The shunt graft can be sutured to the ascend- 
ing aorta and then to the innominate and carotid arteries to maintain the 
cireulation to the head. The distal end of the graft is sutured to the distal 
aorta. One ean then cross-clamp the aorta, excise the aneurysm, and insert 
a graft while the arterial circulation to the central nervous system and body 
is maintained. Cooley and DeBakey” have recently resected most of the 
ascending aorta and inserted a homograft using the mechanical heart-lung 
apparatus. 
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A wide exposure is required in all operations on aneurysm. A _ large 
standard posterolateral incision is used for aneurysms of the descending aorta. 
It is obviously important to save as much time as possible to avoid prolonged 
cross-clamping of the aorta. Thus after a thorough dissection, the proximal 
and distal clamps are applied. In extensive lesions only enough of the aneu- 
rysm is removed initially to permit preparing the proximal and distal ends of 
the aorta for the insertion of a graft. After the graft is inserted and th 
aortic blood flow is re-established, the aneurysm is completely evacuated and 
the sae is excised. By these means the time of occlusion of the aorta can often 
be kept to a period of 30 to 45 minutes. If a lateral suture of the aorta is 
feasible this is done and the clamps are removed before excising the sac and 
its contents. 

Complete excision of the sae and its contents is necessary to avoid sub- 
sequent infection. Antibiotics are an extremely important factor in the suc- 
cess of these operations and should be continued until healing is well advanced. 

The aorta and pulmonary artery may be very adherent due to the aortitis 
and perivasculitis which occurs with syphilitic involvement of the aorta. The 
dissection between these vessels may be the most difficult part of the operation. 
Calcified plaques in the aorta may occur and make it necessary to select care- 
fully the point where a clamp can safely be placed proximally. There was 
some fusiform dilatation of the aorta proximal to the aneurysm in our case 
which contained selerotie plaques. This required cross-clamping the aorta 5 
or 6 em. proximal to the neck of the sae. The aorta distal to the aneurysm is 
usually normal and ean be clamped safely. 

The luetie process is usually stable in patients with aneurysm since the 
aneurysm occurs late in the disease. Extensive antiluetic therapy had been 
administered in the case reported here and further antiluectic treatment was 
unnecessary in the pre- and postoperative period. It was considered that 
there was no contraindication to the use of antibiotics in the pre- and _ post- 
operative period in our case, but Peralta*' points out that penicillin may be 
dangerous in some eases of cardiovascular syphilis. In his observations on 
755 eases of cardiovascular syphilis, Peralta noted that the therapeutic para- 
dox and the Herxheimer reaction were the most frequently encountered im- 
mediate untoward reactions but that penicillin was better in this respect than 
previously employed antisyphilitic agents. He states that aortic aneurysm 
with large dilatation and acute myocardial infarction are serious contraindica- 
tions for penicillin therapy. Eisenberg and Brandfonbrener?? studied 163 
patients with syphilitic aortic insufficiency and/or saccular aneurysm. They 
concluded that penicillin is a safe method of treatment in complicated aortitis. 

If erosion of the vertebral column is extensive there may be a large dead 
space. It has been suggested that this space may be filled with adjacent 
pleura or a pedicled flap of omentum may be brought through the diaphragm 
to eliminate dead space and to support the aorta and graft. 








vi = LEEDS AND LINDNER: ANEURYSM OF THORACIC AORTA 667 
umber 


SUMMARY 


A discussion of the etiology, prognosis, and surgical pathology of syphi- 
litie saccular aneurysm of the thoracie aorta has been presented. This has been 
followed by a historical review of the surgical treatment of this lesion. The 
culmination of efforts to treat saccular aneurysms is the development of defini- 
tive operative procedures to resect the lesion. A case report is included which 
illustrates many of the points of interest regarding saccular aneurysms. 
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Neurosurgical Emergencies Which the General Surgeon Must Be Prepared to 
Treat 


In this country where there are over 600 specialists accredited by the Board 
of Neurological Surgery, the general surgeon rarely has to operate on the brain 
or spinal cord. Victims of nonlethal injuries to these central portions of the 
nervous system, as well as eases of severe compression of the brain from tumor 
or abscess, tolerate transportation well as a general rule. The experience of 
the Emergency Medical Services with the bombing casualties in Britain and 
of our army in Korea proved that it is usually best to transfer acute cranio- 
cerebral and spinal injuries to a center where there are special facilities for 
neurosurgical treatment. 

Granted that this is true for acute wartime and ordinary civilian injuries, 
are there individual exceptions with which general surgeons in the smaller 
hospitals must be prepared to cope? The answer to this question must be an 
unqualified yes. Although rare, there are a few conditions that require emer- 
geney treatment so urgently that only the local surgeon on the spot can treat 
in time, if life and function of the brain or spinal cord are to be preserved. 

At present there is a young woman in the hospital, previously in good 
health, who fainted while depositing a check at the bank. In falling she struck 
her head on the floor, but not hard enough to produce a visible bump. She was 
briefly unconscious. On arrival in the Emergeney Ward she was again bright 
and rational. She was sent to the X-ray Department for routine skull films. 
While these were being taken she developed a dilated left pupil and right 
hemiplegia with loss of speech and rapidly waning consciousness. The neuro- 
surgical resident, who happened to be reviewing films nearby, saw her and 
had her taken to the operating room on the floor above without a moment’s delay. 
Losing no time to give an anesthetic, he found a linear fracture crossing the 
groove of the left middle meningeal artery, and evacuated several hundred 
cubie centimeters of blood from the space between the skull and dura. The 
fear in the artery was occluded by coagulation. As a result of this prompt 
diagnosis and immediate decompression, the patient regained consciousness 
before the incision was closed and her hemiplegia and aphasia disappeared 
within the next few hours. She is about to leave the hospital in good health 
again. 

The mortality rate from posttraumatic bleeding of this sort runs as high 
as 55 per cent. The reason for this appalling number of deaths is that the 
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danger of simple fractures of the skull in the region of the vulnerable middk 
meningeal artery is not generally appreciated. Patients are not followed 
closely enough to detect the onset of a dilating pupil on the side of injury, 
clouding of consciousness, aphasia, weakness of the opposite extremities, 01 
epileptic seizures in the course of the 24 hours following their injury. If th 
warning signs are to be recognized and acted upon in time for effective treat 
ment, these individuals must be seen and tested at 15-minute intervals during 
the first few hours after their injury and aroused at hourly intervals during 
the following night. If only blood pressure, pulse, and respiration are charted 
routinely, the patient may appear to fall asleep and then be found unrousabl 
a few hours later. By the time this has happened it is usually too late to 
operate and reverse critical damage to the midbrain. This results from hernia 
tion of the medial portion of the temporal lobe through the notch of the ten 
torium. Between the advancing pressure cone and the opposite rigid edge of 
the tentorium the cerebral peduneles are squeezed, leading to decerebrate rigid 
itv, and the reticular substance is damaged by petechial hemorrhages. This, 
as Magoun and his ¢o-workers have shown, is the region concerned with the 
maintenance of the waking state. The mesencephalon can only tolerate com 
pression for a brief period before loss of consciousness becomes irreversible and 
decerebration permanent. 

In order to salvage the patient with a torn middle meningeal artery and 
epidural bleeding, the hematoma must be evacuated and the bleeding stopped 
before the midbrain suffers a destructive squeeze. Often the progress of events 
is so rapid that there is no time to wait for neurosurgical assistance. While 
serious cerebral compression results much more frequently from progressive 
expansion of a subdural hematoma, a brain tumor, or abscess, it develops slowly 
enough to permit transfer to a neurosurgical center if the primary condition 
has been recognized before the onset of a lethal pressure cone. 

Critical compression of the spinal cord ean arise with equally short warn- 
ing and eatastrophie results from abseess formation within the spinal epidural 
space. Take, for example, the case of a voung man of 20 who entered the 
emergeney ward complaining of sudden urinary retention after a week’s his- 
tory of pain in the lower back. The morning of admission he had noticed weak- 
ness of the legs and inability to empty his bladder. On examination it was 
found that the leg weakness was progressing rapidly with added impairment 
of sensation. Although plantar responses were flexor, knee jerks were hyper- 
active and ankle clonus sustained. There was acute tenderness on pressure 
over the upper lumbar spines. No inflammatory focus could be discovered. 
Temperature was 100.8° F. Laboratory examination revealed 25,600 white 
blood cells with 90 per cent leukocytes, of which 5 per cent were immature 
forms. X-rays of his lumbar spine showed no bony or other abnormality. A 
lumbar puneture was done with precautions to aspirate before the dura was 
perforated. The spinal fluid contained 820 leucocytes per cubic millimeter and 
there was no rise in pressure on jugular compression. Mvyelography with Panto- 
paque, performed immediately afterwards, demonstrated the block to be at the 
level of the third lumbar vertebra. Exploratory laminectomy was carried out 
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without delay from the twelfth thoracic through the second lumbar vertebra. 
This permitted the evacuation of creamy staphylococcus aureus pus, which was 
compressing the underlying dura. After thorough irrigation with added local 
injection of bacitracin and streptomycin, the incision was loosely closed over a 
catheter. This patient was treated by topical and systemic antibiotics and rap- 
idly recovered strength in his legs, with a slower return of vesical function. 
If the decompression had been delayed a few more hours he would have reached 
“the point of no return.’’ Every surgeon should realize that acute epidural 
spinal abscess can produce permanent paralysis within a few hours. By the 
time paraplegia is complete it is usually too late to reverse the damage from 
compression and thrombosis of the regional blood vessels that enter the cord 
along the spinal nerves. Early diagnosis, extensive laminectomy, and evacua- 
tion of pus within the spinal canal must be carried out with minimal delay. 
Physicians and neurologists must be taught that a few hours may make the 
difference between full recovery and lifelong paralysis; that only the general 
surgeon on the spot may have the opportunity to carry out the decompression 
in time. Diagnosis must be made on the basis of mild fever and leukocytosis 
with pain in the back whenever there is a progressive flaccid weakness of the 
legs and urinary retention. In the presence of coexisting infection it is not 
a difficult matter to arrive at the correct diagnosis, but all too often there is 
no obvious locus of infection. 

In both these critical lesions delay of an hour or two in diagnosis and 
inability on the part of the local hospital staff to perform a simple cranial 
trepanation or laminectomy for decompression may mean the difference between 
death and life, or between irrevocable and reversible injury to the brain or 
spinal cord. The period between the onset of critical symptoms and that in 
which the squeezed brain or spinal cord ean be restored to normal function is 
often too brief to transfer the patient or import a neurosurgeon. 

The frequency of such dire emergencies, to be sure, is rare. Nevertheless, 
we see a number of such cases each year. To treat them with a better chance of 
success, we have come to realize that we must train our general surgical resi- 
dents to make the diagnosis and carry out the simple decompressive operation. 
For this purpose a third of our neurosurgical house staff is made up of interns 
and residents on rotation from the surgical service. These men are taught 
neurologie diagnosis, how to carry out the essential diagnostic tests, exploratory 
cranial burr holes, simple craniotomy, and decompressive laminectomy. Results 
ot skills gained in this way are paying valuable dividends in their later prac- 
tice. If this policy is adopted by neurosurgical services throughout the coun- 
try, it will not only train many general surgeons to deal with these acute 
emergencies, but also reduce the surplus of neurosurgical specialists, which is 
rapidly becoming another serious problem. 

—James C. White 
Massachusetts General Hospital 
Boston, Mass. 
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An Internist Pays Tribute to the Cardiovascular Surgeon 


Never shall I forget the thrill of the news of the first major effort to reduce 
the strain on the heart caused by a deformity of a heart valve. <A decade 
earlier | had had the privilege and pleasure of serving as a medical resident at 
the Massachusetts General Hospital with Elliott Cutler who was one of th 
surgical residents. In that year (1915 to 1916) there were 5 of us residents 
altogether. A decade later, after the close of World War I, with Sam Levin 
and Claude Beck helping him in the experimental laboratory, Cutler developed 
a technique for an approach to the mitral valve, and in 1924 at the Peter Bent 
Brigham Hospital in Boston, he used a valvulotome to incise the stenosed mitra! 
valve in a series of 7 patients, one of whom we referred to him from our ¢linic 
at the Massachusetts General Hospital. Unhappily only one of these patients 
survived the operation, dying a few years later, and so this historic technique 
was abandoned for 20 years, to be revived in different form, now familiar to 
all physicians, by several bold and skillful thoracie surgeons, in particular by 
Bailey and Harken after World War II. 

Meanwhile in the late 1920’s a successful attack was made on an un 
yielding constricting pericardium ushering in a new era of operations on the 
exterior of the heart and on the blood vessels nearby. Arterial surgery to cor- 
rect congenital defects—ductus arteriosus patency, the tetralogy of Fallot, and 
coarctation of the aorta—followed a decade after pericardial resection began 
and continued the triumphant march of this new therapy. Churchill, Gross 
and Hubbard, Blalock and Taussig, Potts, and Crafoord led the way, establish- 
ing techniques that became almost commonplace within half a generation. 

The next step was the introduction of the blood vessel bank, and with this 
it became possible after still another 10 years in the early 50’s not only to re- 
place portions of congenitally deformed aortas but to correct acquired 
aneurysms and thrombosed stretches of the abdominal aorta involving the 
iliac bifureation and responsible for the cireulatory syndrome so well deseribed 
by René Leriche and attacked first through endarteriectomy by the French 
surgeons. In this country it was De Bakey who has led the way in this field. 

Finally there has come within the last few years in midcentury the 
magnificant achievement of a considerable number of young pioneers in cardiac 
physiology and surgery who have made possible under direct vision the cor- 
reetion, already beginning or soon to be achieved, of defects within the heart 
itself hitherto attacked blindly. Hypothermia, crossed cireulation, the pump 
oxygenator, and potassium standstill have all come in a rush in the evolution 
of this newest era of all. It is difficult or impossible to name all those respon- 
sible but certainly among them we must include Swan, Lillehei, Varco, Gibbon, 
deWall, Kolff, and Effler. Septal defects, both atrial and ventricular, and 
aortic valve disease (stenosis or regurgitation) are the abnormalities most in 
need of such a direct approach. Correction of the first named is already 
becoming a reality but the aortic valve deformities still present a problem 
which should be solved in the not far-distant future when the valve itself can 
be replaced. Hufnagel with his ball valve has already relieved much of the 
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strain in a good many cases of free aortic regurgitation but this is doubtless 
to be regarded chiefly as but a step on the way to a more complete relief of the 
serious effect of this particular valve lesion. 

Two other interesting recent developments may be mentioned in passing 
as of possible future significance. One is the ingenious approach to the corree- 
tion of ventricular septal defect initiated under the wing of Dr. Gross, by a 
fourth year student at the Harvard Medical School, named Folkman, who, 
in a dog, has successfully inserted a plastic patch into the ventricular septum 
by splitting the septum itself without the need of opening the heart chambers. 
The other ingenious technique has been that of curettement of coronary 
arteries in patients with serious coronary atherosclerosis by Charles Bailey of 
Philadelphia with a tiny curette invented by a young surgeon in San Irancisco, 
Dr. Angelo May. 

This series of surgical feats I have passed in review for two reasons. In 
the first place, it has fallen to my happy lot to have lived through this era 
of remarkable achievement by my surgical colleagues from the dark ages of 
our profession to the present day, with even greater promise in the near future. 
This is resulting in the relief of many patients with serious cardiovascular 
disease whom we internists have been unable materially to help despite all 
our wonder drugs and diets. And second, it is a privilege and a pleasure to 
pay homage to all those who in any way have not only possessed the curiosity 
and ingenuity to make these pioneer advances but have patiently and pains- 
takingly carried them through. They deserve the gratitude and appreciation 
of us all, doetor and layman alike. 

Finally, although we physicians like to point to the day in the rather 
remote future when preventive medicine will make obsolete much of this 
surgical therapy of today, many years will pass and many patients will ask for 


help before that millenium arrives. 
—Paul D. White 


Massachusetts General Hospital 
Boston, Mass. 
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DUODENAL AND JEJUNAL DIVERTICULA 


Howarp L. Evstner, M.D.,* AND JoHN M. WavuGu, M.D.,** RocHESTER, MINN. 


UODENAL and jejunal diverticula have received increasing attention in 

recent years mainly because improved methods of roentgenology have 
led to the discovery of ever-increasing numbers. In spite of the rapidly 
lengthening bibliography with the resulting stimulation of interest, con- 
troversy still exists concerning the surgical significance and management of 
these conditions. 

It is the purpose of this chapter to review many of the pertinent facts 
appearing in the literature in an attempt to secure a better understanding 
of the problem presented by diverticula of the small bowel. 

Extensive reviews of the literature on diverticula of the small bowel have 
been made by several authors. Rosedale®*® collected 71 cases in 1935, and 
Gerster** found 187 accounts of jejunal diverticula in 1938. The review by 
Benson, Dixon, and one of us (J. M. W.)* in 1943 brought the total of non- 
meckelian diverticula, exclusive of duodenal diverticula, to more than 300. 

The more recent literature is concerned with reports of operative eases. 
Large series are few. Morton** found only 49 cases reported in the literature 
up to 1940 in which surgical exploration was performed primarily for du- 
odenal diverticula. In 1951 Patterson and Bromberg®® collected 34 additional 
examples. The only large series are those of Cattell and Mudge?® who re- 
ported on 25 eases and Johnston and one of us (J. M. W.)° who had 30 eases. 

Accounts of surgical treatment of jejunal diverticula are uneommon. 


HISTORICAL ASPECTS 


Chomel’? in 1710 is generally credited with the first description of a non- 
meekelian diverticulum which was a ealeulus-containing diverticulum of the 
duodenum. Morgagni*® in 1761 encountered a duodenal diverticulum at nee- 
ropsy. Fischer,?° writing in 1900, attributed the first descriptions of multiple 
intestinal diverticula to Sommering, in 1794, and Voigtel, in 1804. The first 
mention of multiple diverticula to appear in English literature was by 
Cooper,’* in 1807; this was a report of findings at necropsy. In 1881, Osler* 
made a similar report in American literature. 

Received for publication June 22, 1956. 

*Fellow in Surgery, Mayo Foundation, Graduate School, University of Minnesota. 


**Consultant, Section of Surgery, Mayo Clinic; Professor of Surgery, Mayo Foundatio1 
Graduate School, University of Minnesota. 
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At exploration because of abdominal symptoms Gordinier and Sampson,”* 


in 1906, discovered multiple jejunal diverticula with partial intestinal ob- 
struction. This is the first recorded observation of multiple diverticula in a 
living patient. Case® was the first to accomplish the roentgenologie dem- 
onstration of diverticula of the small intestine. His observations were soon 
followed by similar reports of others.®* ® 

A milestone in the history of duodenal diverticula was passed in 1915 
when Forssell and Key”? removed a diverticulum which had been diagnosed 
preoperatively by fluoroscopic examination. 

In 1921, Hunt and Cook*? reported the successful excision of a jejunal 
diverticulum whereas Braithwaite,’ in 1923, performed a short-cireuiting pro- 
cedure and later resection for multiple jejunal diverticula. 


CLASSIFICATION 


Many classifications of diverticula appear in the older literature. They 
have been grouped as congenital or aequired on the basis of the period of 
development. This classification is confusing since almost all diverticula have 
a congenital component in their formation. Another classification divides 
diverticula into true or false according to the anatomic composition of their 
walls. False diverticula have been confused with pseudodiverticula. Still 
another classification categorizes diverticula according to position, whether 
mesenteric or antimesenteric. 

Beeause of the confusion of conflicting terms these older classifications 
have been abandoned in favor of the division into primary and secondary 
types.*® 

Primary nonmeckelian diverticula typically are located along the con- 
cave or mesenteric border of the bowel, are thin-walled and contain no muscle 
tissue within their walls. The etiology is obseure. 

Secondary diverticula contain all the layers of intestine and result from 
traction and searring of adjacent inflammatory processes. 


ETIOLOGY 


Several theories have been advaneed concerning the etiology of diver- 
ticula of the small intestine. The close relationship of diverticula to blood 
vessels, first noted by Klebs,** in 1869, is the basis for the most generally ac- 
cepted theory of localized weakness at the point of penetration of vessels 
through the muscular wall of the bowel. At this site there exists some im- 
halanee of muscle tone’: ** or a muscular defect resulting in an area of loeal- 
ized lowered resistance. Other causes for this weakness, such as the presence 
of fat or panereatie tissue in the museularis,*” ** have been postulated. 

The fact that the great majority of diverticula are loeated along the 
inesenterie border of the small intestine supports the theory of local weak- 
ness. However, diverticula do occur along the antimesenteric border.’) *t The 
‘requent coexistence of diverticula in other parts of the gastrointestinal tract 
ind the inereasing incidence of diverticula with advancing age suggest a gen- 
eral weakness of tissue. 
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A combination of factors probably enters into the formation of primary 
diverticula. Fraser?* suggested that increased intraintestinal pressure along 
the channel for the vessels may in part be responsible. Subjecting areas o! 
anatomie weakness to inereased intraintestinal tensions over a prolonged 
period could result in herniation of the mucosa through the muscular wall. 

Weakness from intrinsic disease and traction resulting from disease of 
adjacent structures are certainly etiologic factors in the formation of see- 
ondary diverticula. 

DUODENAL DIVERTICULA 


Incidence.—Diverticula of the duodenum are common, but there is little 
agreement concerning their incidence. By tying off the pylorie and jejunal 
ends and then distending the duodenum with a plaster of Paris mixture, 
Ackerman! was able to demonstrate one or more diverticula in 11 of 50 un- 
selected cadavers (22 per cent). Baldwin? reported 15 examples in 105 con- 
secutive necropsies (14.3 per cent). Finney’? has stated that 1 to 1.5 per 
cent of the population have duodenal diverticula. 





Fig. 1.—Duodenal diverticula. 


The incidence of duodenal diverticula based on necropsy findings has been 
consistently higher than that reported as the result of roentgenographic 
studies. 

Cattell and Mudge’ recently discovered duodenal diverticula in 1.9 per 
cent of 2,000 conseeutive gastrointestinal roentgenograms, and Glasier and 
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Corbett”? noted an incidence of 0.8 per cent in 10,197 roentgenograms. The 
reported incidence based on roentgen examination ranges from 0.016 per 
cent by Rankin and Martin®*! to 5.76 per cent by Chitamber."! 

Age, Sex, and Location —Duodenal diverticula are most commonly dis- 
covered in the fifth and sixth decades of life. Reports of their occurrence 
in the younger age groups” '* °° >! are not common. Disagreement regarding 
sex distribution exists, but most authors have reported little difference.*® & ° 
Duodenal diverticula most commonly are located in the second or descending 
portion of the duodenum (Fig. 1) and in a majority of instances arise from 
the coneave border. 

Symptomatology.—The vast majority of duodenal diverticula are asymp- 
tomatic. However, it must be remembered that a small percentage may be the 
seat of a pathologie process resulting in symptoms and possibly progressing 
to severe complications. The production of symptoms is attributed to dis- 
tention of the diverticulum, inflammation or other complications developing 
primarily within the diverticulum or secondarily because of its presence. 
Spriggs and Marxer estimated that in 47 per cent of their cases diverticula 
were responsible for symptoms, but the more recent literature is in agreement 
with Mahorner’s*® statement that 98 per cent of duodenal diverticula probably 
produce no symptoms. 

When symptoms do occur, the most common is pain located in the upper 
part of the abdomen, usually occurring after large meals and relieved totally 
or partially by belching, vomiting, antacids, or antispasmédies. This pain 
may simulate biliary colic or the pain of peptie uleer. Extension to the back 
has been noted. 

Other common symptoms in the symptomatic cases are nausea and loss 
of weight. Less commonly seen are spontaneous vomiting, jaundice, and 
diarrhea. 

The first indication of the existence of a pathologie process may come 
with the onset of an acute abdominal crisis or gastrointestinal hemorrhage. 
It should be stressed, however, that one must be extremely hesitant in at- 
tributing upper gastrointestinal hemorrhage to a duodenal diverticulum even 
in the absence of any other demonstrable source. 

Complications ——Complieations of duodenal diverticula do occur but not 
commonly. Inflammation in the form of diverticulitis or peridiverticulitis 
may produce signs and symptoms of a so-called acute abdomen. Entero- 
liths'® 72-51 are frequently mentioned and fistula formation has been re- 
ported.®* Ulceration may occur and progress to perforation. Boland,® by a 
report in the literature, commendably ealled attention to acute perforation 
which was overlooked at surgical exploration because he was not cognizant of 
the possibility. Uleeration may also result in simple or massive hemorrhage. 

Obstruction of the duodenum,* ®&: & common duet, or pancreatic duct 
iuay result and lead to jaundice or acute pancreatitis.*7 A duodenal diver- 
ticulum may undergo neoplastic change and both carcinoma and sarcoma 
have been reported.?™ 41 4% 6% 68 
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JEJUNAL DIVERTICULA 

Summaries of the experience with this condition at the Mayo Clinic hav 
been made by Rankin and Martin®' and by Benson, Dixon, and one of us 
(J. M. W.).4. Between 1909 and 1942, 100 cases of jejunal diverticula wer 
seen, including those found at necropsy. Baskin and Mayo’s® report of &7 
cases of jejunal diverticula observed from 1948 to 1951 excludes those dis 
covered at necropsy. 

Jejunal diverticula represent the least common form of diverticula af 
feeting the gastrointestinal tract.27 Rosedale’s® finding of only 5 instances 
of jejunal diverticula in 5,000 necropsies (0.06 per cent) illustrates their 
extreme infrequeney. However, by insufflating air into the jejunum, he”! 
was able to demonstrate 4 examples in 300 necropsies (1.55 per cent).4 Thi 
incidence of other commonly quoted necropsy series ranges between 0.2 to 0.5 
per cent. 





Fig. 2.—Duodenal and jejunal diverticula. 


Disclosure of jejunal diverticula in the living patient is even more infre- 
quent. Roentgenologie demonstration is admittedly less accurate than search 
at necropsy with insufflation of air. Case,® in 1920, discovered evidence of 
jejunal diverticula in 5 of 6,847 roentgenograms of the small intestine (0.075 
per cent). Rankin and Martin® reported 3 instances in 956 roentgenologic 
examinations, and Orr and Russell,** 9 in 2,161 (0.42 per cent). 
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The age incidence varies in reported series according to the method of 
examination, but it is generally agreed that in the majority of cases diverticula 
occur in the later decades of life. When the diagnosis is made in patients 
who have elinical symptoms, the largest number of patients for any 10-year 
period fall into the age group of 60 to 69 years.* Discoveries in young indi- 
viduals appear in the literature** but are rare. 

Males have a preponderance of jejunal diverticula; the ratio of males to 
females usually is reported as 2 to 1. 

Multiple jejunal diverticula are usually located between the leaves or 
just to one side of the mesentery (Fig. 2). Single diverticula have been found 
along the antimesenteric border. 

The recent literature is in agreement that this condition constitutes a 
definite clinical entity but that jejunal diverticula produce symptoms in an 
even smaller percentage of cases than duodenal diverticula do. 

The classification of jejunal diverticula into rather clear-cut clinical 
groups has been accomplished by Orr and Russell.** Baskin and Mayo* em- 
ployed this same classification but stressed the difficulty in assigning border- 
line cases to a specific group. 

The classification is as follows: (1) no clinical symptoms, (2) mild ab- 
dominal discomfort or gaseous dyspepsia, and (3) complications requiring 
surgical procedures. Most authors agree that the great majority of jejunal 
diverticula give rise to no symptoms and those found incidentally in the course 
of roentgenologic examination or abdominal exploration for some other con- 
dition belong in the first group with no clinical symptoms. 

The complexity of symptoms often encountered is exemplified by the 
following ease, 

CASE 1.—A man, 62 years old, was seen at the Mayo Clinie in September, 1943, be- 
cause he had lost 15 to 20 pounds in 9 months, lacked pep, and was unable to walk in the 
dark, In addition he had had dyspepsia for 20 years, loose stools for many years, and 
episodes of epigastric discomfort for 1 year. 

Physical examination, including a neurologic survey, was unrevealing except for 
evidence of recent loss of weight. 

Routine blood counts and results of urinalysis, flocculation test for syphilis, exam- 


ination of the stool for ova and parasites, and roentgengrams of the chest and head were 
normal or essentially negative. The gall bladder was reported to be nonfunctioning, 

At exploration the gall bladder was found to be thin-walled and contained no stones. 
Starting 18 inches below the ligament of Treitz and involving the entire jejunum, multiple 
diverticula were observed on the mesenteric border and extended into the mesentery of 
the small intestine for a distance of 1 to 5 em, There was one of these diverticula every 
* to 4 inches along the entire jejunum. In addition the jejunum was dilated to one 
and a half times normal size, and the wall was hypertrophied to approximately twice 
normal thickness. It was felt that this finding accounted for the patient’s abdominal 
symptoms, malnutrition, loss of weight, and the nyctalopia. 

It was feared that resection of the entire jejunum would only contribute to the mal- 
nutrition, During exploration the patient’s blood pressure fell and failed to respond to 
the usual measures. Because of this, resection or even a sidetracking procedure was out of 
the question. It was thought best to employ a medical regimen with the idea of building 
the patient up and considering resection later if symptoms progressed. 
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The postoperative course was uneventful and the patient was dismissed on the 
tenth postoperative day with instructions to use a high caloric, low residue diet with 
vitamin supplements. 

Four months after operation he reported that he had gained 10 pounds and his symp 
toms with the exception of loose stools had subsided. 


The complications which rarely arise from jejunal diverticula were sum 
marized by Benson, Dixon, and one of us (J. M. W.)* in 1945. Among 122 
cases of nonmeckelian diverticula of the jejunum and ileum were 15 in whieh 
complications developed. Williams and Bosher®® estimated that there were 
less than 60 eases in which complications required surgery among the ap- 
proximately 350 examples of jejunal diverticula reported in the literature up 
to 1948. 

Mechanical obstruction is the most common complication. Obstruction 
may result from contained foreign bodies such as enteroliths®’ or parasites,?® *' 
from volvulus,** *? from searring strictures or adhesions,?* ** °? or from pres- 
sure of a large diverticulum on an adjacent segment of bowel. In addition, 
chronie obstruction has been observed on a functional basis.** © 

Diverticulitis without obstruction may occur. The innflammation may 
be so mild that it produces minimal or no symptoms, but may progress to 
peritonitis or perforation, either spontaneous* ® 1%: 15: 21. 25, 36 59% 64 or following 
acute abdominal trauma.* ** Dunlop’ reported a case of perforation associ- 
ated with jejunogastrie intussusception through a gastroenteric stoma; per- 
foration, therefore, occurred within the stomach. Internal fistula has been 
reported as a complication only onee.®*® Hemorrhage has been seen as a se- 
vere complication.® 2% 35, 40 55, 58, 65 


SURGICAL TREATMENT 


Indications.—Authors agree overwhelmingly that treatment of asymp- 
tomatic, nonmeckelian diverticula is unnecessary. Controversy arises in the 
management of patients with abdominal symptoms who are found to harbor 
duodenal or jejunal diverticula on roentgenologie examination. One must hesi- 
tate in attributing symptoms in a given patient to demonstrable diverticula. 
Thorough evaluation of the symptoms is mandatory to rule out the possibility 
of a functional basis as well as the existence of other organie disease. 

Surgical intervention is best reserved for complications and ineapacitat- 
ing symptoms refractory to medical measures. Occasionally a patient with a 
known diverticulum will undergo exploration for coexisting disease, such as 
peptie uleer, disease of the biliary tract, or hemorrhage of undetermined 
origin from the upper part of the gastrointestinal tract. Divertieula found 
incidentally at exploration for some other eondition are best left undisturbed 
unless associated with some complication. 

The limited indications for surgical intervention are borne out by the 
report of Cattell and Mudge’ who stressed that less than 5 per cent of du- 
odental diverticula discovered should require operation. This is in agree 
ment with the findings at the Mayo Clinie. Of 525 patients seen with duo 
denal diverticula, only 8 (1.5 per cent) underwent exploration for which duo 
denal diverticulum was the primary indication. 
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As said before from 1948 through 1951, 87 patients were given a diag- 
nosis of jejunal diverticula at the Mayo Clinic. Of these only 9 were op- 
erated on primarily for jejunal diverticulosis (10.4 per cent). 


Techniques —When operation is performed, thorough exploration of the 
abdomen should be made to exelude the presence of coexisting pathologie 
processes which may be responsible for symptoms. 


Total removal of a duodenal diverticulum with closure of the neck of the 
sae is preferred to inversion or side-tracking procedures (Fig. 3). How- 
ever, in the event of multiple diverticula or when a diverticulum is embedded 
within the pancreas, a short-circuiting procedure may be indicated. 

Identification of a duodenal diverticulum may present a difficult problem. 
Distending the duodenum with air to facilitate the identification of the 
diverticulum as well as surrounding structures has been advocated by Ma- 
horner.*® MacLean* advised opening the duodenum in the descending portion 
and inserting a finger; the sae then can be found by the exploring finger and 
easily dissected from surrounding tissues. 






eset tte 


-_ 


Duodenum 


Fig. 3.—Total excision of a duodenal diverticulum. 


setween 1940 and 1952 abdominal exploration was performed primarily 
for duodenal diverticula in 30 eases at the elinie. Definitive surgical treat- 
ment was carried out in 20 of these cases. Total removal of one or more 
diverticula was accomplished in 17 eases. Inversion of two diverticula in the 
third portion of the duodenum was performed in one case and posterior gastro- 
enterostomy was performed in one in which a diverticulum was in intimate 
association with the ampulla of Vater. Obliteration from within the lumen of 
the duodenum was done in the remaining ease for a diverticulum which was 
adherent to the pancreas. 
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Jejunal diverticula are less frequently treated by operation, but when 
surgical intervention does become necessary, resection of the involved seg- 
ment of bowel with end-to-end anastomosis is the procedure of choice (Fig. 4) 
When the extent of involvement is so great that resection of the entire seg- 
ment is not feasible, resection of that portion which encompasses the area of 
complication may be accomplished. Short-cireuiting procedures should not be 
done when resection is possible. 











Fig. 4.—Resection and end-to-end anastomosis for multiple jejunal diverticula. (From 
Mayo, C. W.: Surgery of the Small and Large Intestine. Chicago, 1955, The Year Book 
Publishers, Inc.) 


Results of Surgical Treatment.—Morton,** and Patterson and Bromberg® 
found an operative mortality for duodenal diverticula in eases reported i 
the literature of 6 and 8.8 per cent respectively. Two of the 20 patients who 
were operated on at the elinie primarily for duodenal diverticula died post- 
operatively (10 per cent). The cause of death was considered to be the op- 
erative procedure in each case. The ampulla of Vater was injured in one 
and death resulted from acute hemorrhagic pancreatitis. The second fatality 
was attributed to peritonitis which followed the development of a duodenal 
fistula on the fourth postoperative day. 
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Reviews of the literature** °° have revealed satisfactory relief from the 
operative treatment of duodenal diverticula in as many as 80 per cent of the 
cases. Cattell and Mudge’ reported excellent results in only 52.6 per cent of 
17 cases. This is more in agreement with the finding at the Mayo Clinic that 
definite benefit from operation is obtained by little more than 50 per cent of 
carefully selected patients. 

Of the 9 patients who underwent operation at the Mayo Clinic primarily 
for jejunal diverticula, only 4 had resections. Two resections were done for 
volvulus with infarction of the bowel; both patients died. One resection was 
performed for hemorrhage and the remaining one was for an inflammatory 
mass involving the splenic flexure of the colon in addition to several loops 
of jejunum. 

One patient who had had two diverticula excised failed to obtain relief 
of symptoms. The remaining 4 patients underwent exploration only: 2 
beeause the diverticulum was too extensive for resection to be feasible and 
2 others for hemorrhage. 


SUMMARY 


The salient features of duodenal and jejunal diverticula have been re- 
viewed. Increasing numbers of diverticula are being demonstrated roent- 
venologically but reports of surgical management are uncommon. The majority 
of diverticula are asymptomatic, but even with the existence of symptoms, a 
thorough search must be made for associated pathologie states. Symptoms 
may be varied and complex. This is pointed out with the presentation of a 
case in which nyctalopia, in addition to loss of weight, dyspepsia, and loose 
stools were presenting symptoms. 

Surgical procedures are best reserved for complications and ineapacitat- 
ing symptoms. Resection with end-to-end anastomosis is the procedure of 
choice in the surgical treatment of jejunal diverticula, and total removal is 
preferred to inversion or side-tracking procedures in the treatment of duo- 
denal diverticula. 

Removal of a duodenal diverticulum may be a hazardous operation, es- 
pecially when the diverticulum is adjacent to the ampulla of Vater. Injury 
to the ampulla with interference of drainage of bile or pancreatic secretions 
may lead to pancreatitis. The development of duodenal fistula is another 
factor which is responsible for high mortality and morbidity. 

Benefit is achieved from the surgical treatment of duodenal diverticula in 
little more than 50 per cent of the cases. 
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SEGMENTAL GASTRIC RESECTION—AN ACCEPTABLE OPERATION 
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bey once said only the publication of a new-found fact superseded the 
importance of retracting a published error. The intent of the Reappraisal 
Section in SuRGERY is to provide opportunity of reaffirming confidence in a 
venture or new procedure as well as to correct published error. The Editors 
of this Section have asked me to state my present views upon segmental and 
tubular gastrie resection. 

SEGMENTAL RESECTION‘ 

About 8 vears ago, in thinking of ways in which the technical difficulties 
of dealing with difficult duodenal ulcer with large supraduodenal craters could 
be avoided, I proposed and reported a small experience with segmental resee- 
tion for duodenal ulcer in 1950 (Alvarenza Lecture, 1949).'° By 1951 a brief 
report upon 60 patients who had undergone segmental gastric resection for 
peptie uleer was made.'* In the same publication, a sharp distinction was drawn 
between retaining and excluding the antrum. During the past 8 years, 160 such 
operations have been performed in this clinie without a single recurrent uleer 
having been observed. Of these segmental resections, 87 were performed more 
than 5 years ago. Therefore, segmental gastrie resection has come to be the 
preferred operation for duodenal ulcer in this clinic. In fact, it is performed 
quite regularly, too, for all gastric uleers, save the antral ulcer, for which one 
ot the Billroth operations is performed. In duodenal ulcers with deep craters 
or in a bleeding duodenal ulcer, the edges of the duodenal mucosa are coaptated 
by a few interrupted sutures, thus placing the crater outside the mucosal lumen. 
The technique of performing segmental gastric resection remains the same as 
that deseribed initially. Segmental gastrie resection with pylorotomy con- 
stitutes also an ideal operation for finding and dealing with the occult uleer 
or erosion, whether in the stomach or the duodenum. In other words, segmental! 
resection has come to replace blind or empiric gastric resection deseribed by 
me?® as an emergency measure in dealing with the concealed uleer or erosion 
heralded by hematemesis, but accompanied by a normal portal venous pressure. 

Based upon studies supported by U.S.P.H.S. Grant RG-1028 (C 9), 
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In the discussion of my presentation at the 1951 Atlantic City meeting of 
the American Medical Association (Surgical Section), segmental resection was 
labeled as an unsound and unphysiologie operation for uleer, and failure of the 
method was predicted. Had I then been fully conversant with the trials and 
tribulations which the procedure had given German surgeons of an earlier 
veneration, I probably would not have given segmental resection a trial. These 
surgeons (Mikuliez,° 1897; Riedel," 1909, 1912; and Payr,* 1910, 1912), who 
emploved segmental resection for gastric uleer, were unaware that transverse 
division of the stomach vagotomized the pylorus and antrum, thus interfering 
with gastric evacuation—a lesson that I had to learn for myself several decades 
later. In facet, in my early cases, I found it necessary to perform a supple- 
mental pyloroplasty, an occurrence which led to the incorporation of an ade- 
quate Heineke-Mikuliez pyloroplasty as a routine complemental procedure in 
segmental gastric resection. 

The observations of Thal and his associates,'’ which appear in this issue of 
SURGERY, suggest that the stomachs of dogs with isolated Heidenhain pouches, 
subjected to the extensive segmental gastric resection proposed in 1949, react 
to the ingestion of meat not very much unlike similar pouches in dogs having 
undergone sacrifice of the antrum in a Billroth operation. If, however, pains 
are taken to preserve the vagal innervation to the antrum, by separating off 
in the dissection the vaseular bundle along the lesser eurvature of the stomach, 
the usual gastrin response observed in pouch dogs with a retained antrum at- 
tends segmental gastric resection. In other words, it would appear that the 
normal gastrin response to the ingestion of food is dependent in some measure 
on an intact vagal innervation to the antrum. The digestive power of gastric 
juice, obtained by overnight aspiration of the stomach of patients subjected to 
the various types of gastric resection, when assayed for its digestive capacity 
by being dripped into the esophagus of an intact cat, was found to be least in 
the patients who had undergone segmental gastric resection, whether large or 
small. Moreover, experiments reported by Kaplan and State® (1956) and by 
Harrison, Lakey, and Hydet (1956) appear to give increased validity to the 
thesis that it is desirable to retain the antrum in gastrie resection for duodenal 
uleer. 

The suecess of segmental resection in protecting against recurrent ulcer 
has suggested the adoption of a less aggressive resection than that first proposed 
in 1949 in which a fundie pouch representing 10 per cent of the entire stomach 
was left. Over the past 2 years, we have decreased the extent of the fundie 
excision, and currently a 30 to 35 per cent proximal gastrie pouch is preserved, 
whieh together with an antral pouch, comprising 15 to 20 per cent of the 
normal stomach, leaves a residual stomach of 50 per cent (or slightly more) 
of its original size. In other words, it is my belief that a lesser excision of the 
fundus than that conventionally employed in the three-quarter resection in the 
Billroth operations will protect against recurrent ulcer if the antrum is allowed 
to remain. Thal’s studies’ suggest that the pattern of the responses, observed 
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in dogs with isolated Heidenhain pouches that had undergone the lesser re- 
section, is very much like that observed following the larger segmental resee- 
tions. Yet, Perry and his associates” '° have noted that the incidence of achlor- 
hydria in patients following histamine administration is not as great as after 
the larger segmental resection, following which almost all patients remain 
achlorhydrie to histamine. It should be said here that additional years of 
observation will be necessary therefore to ascertain with definite certainty how 
large the segmental resection must be to protect against recurrent uleer. There 
is good reason to believe, too, that the dumping syndrome will be observed less 
frequently after the smaller segmental resection. 


TUBULAR RESECTION'* 


The contrast in response of isolated Heidenhain pouches in dogs that under- 
went tubular gastric resection to that of pouches of dogs having segmental re- 
section came as a great surprise'*—an observation which led to discontinuance 
of tubular resection in this ¢linie in the summer of 1955, on the thesis that 
recurrent ulcers probably would follow in some of the patients who had under- 
gone the procedure. Time has shown that prediction, on the basis of those 
observations, was correct. 

Tubular resection was undertaken initially on the thesis that it preserved 
the vagal innervation to the lesser curvature, making complemental pylorotomy 
mandatory only in the presence of pyloric obstruction. We did not then fully 
appreciate that an innervated antrum gives a greater gastrin response on the 
ingestion of food than is observed following antral denervation. It was then 
proposed to add division of the antral twigs along the lesser curvature of the 
stomach, after which the response to the ingestion of food in the Heidenhain 
pouches of dogs having tubular gastric resection was less. Yet in time the type 
of response observed in dogs with an innervated antrum appeared to return. 
Work is still in progress to try to clarify the difference in behavior of Heiden- 
hain pouches in dogs having segmental and tubular gastric resection. The 
likely causes would seem to be related to the following items: (1) preservation 
of antral innervation in tubular resection; (2) the somewhat greater extent 
of the resection in the segmental operation; (3) preservation of the strong 
pepsin secreting area of the lesser curvature in tubular resection; and (4) 
creation of a conical antral retention pocket by the transverse gastroplasty in 
the tubular resection, which may create a physiologic periodic antral exclusion 
operation. 

The complexity of this question cannot be easily unravelled and it will take 
some time and many experimental observations to untangle the skein. It is quite 
obvious, however, that segmental gastric resection is the superior operation. 


OTHER OPERATIONS 

In this clinic at the present time, the Billroth operations are performed 
only for antral uleer, and for this purpose either the Billroth I or II proee- 
dures would appear to be acceptable. The recorded experiences of many sur- 
geons (Ordahl and associates,’ 1955; Goligher, Moir, and Rigley, 1956; Wallen- 
sten,’* 1957) seem to indicate quite definitely that the reeurrenee rate in the 
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Billroth I operation is considerably higher attending its performance for duo- 
denal ulcer than accompanies the Billroth II procedure. The reasons are not 
apparent on the surface. One likely cause is the smaller stoma of the ordinary 
Billroth I operation, resulting in slower gastric emptying. Currently, good re- 
sults in the surgical management of duodenal uleer are being reported by a 
number of surgeons following distal hemigastrectomy and vagotomy.’ ?? It 
will remain for future years to tell whether antral removal combined with 
vagotomy ean rival segmental resection in the surgical management of duo- 
denal uleer. One point which seems to stand out in the observations of Thal 
and his co-workers’ is that truneal vagal section in the presence of an intact 
antrum would not appear to be a good operation for duodenal ulcer. 
CONCLUSION 

Segmental gastric resection is an acceptable operation for duodenal ulcer. 
In this clinic, no uleer recurrence has attended its use in the surgical manage- 
ment of duodenal ulcer. It is a physiologically sound operation and _ offers 
many technical advantages in dealing with the difficult duodenal uleer. More- 
over, it is an operation which ean be earried out with as low an operative risk 
as attends any operation directed at the surgical control of the uleer diathesis, 
save vagotomy which surgeons no longer perform as an isolated procedure. 

Tubular gastric resection fails to protect against recurrent uleer. The 
observed recurrence rate is small, in the area of 2 per cent. However, the 
difference in response upon the ingestion of food, observed in the isolated Heiden- 
hain pouches of dogs submitted to segmental and tubular gastrie resection, sug- 
vests the possibility that as additional years go by, an increase in the recurrence 
‘ate following tubular resection may be expected. 
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REPAIR OF ATRIAL SEPTAL DEFECTS DURING HYPOTHERMIA 
F. JOHN Lewis, M.D., Cuicaco, ILL. 


(From the Department of Surgery, Northwestern University Medical School) 


YPOTHERMIA offers a practical and relatively simple method for oper- 

ating within the open heart under direct vision. The lowered metabolic 
rate at reduced body temperatures makes it possible to occlude the entire 
‘ardiae inflow long enough to complete certain intracardiae operations in a 
bloodless, open heart.* 

Our greatest experience with the technique has been in the repair of atrial 
septal defects, where it has proved to be a good method. Sixty-one patients 
have been operated upon during the past 4 years, with 6 operative deaths. 
Most of the patients were adults. Forty-three of the 61 patients were 16 years 
of age or older, 5 were over 50 years of age, and the oldest, a survivor, was 
61 years old. The median age of the group was 23 years. Though small in- 
fants and children may be cooled with greater ease and safety than adults, 
the technique ean be used for patients of all ages and weights. 

Some of the defects were rather complex anatomically, but complete re- 
pair was almost always possible. Foramen ovale defects accounted for 46 
of the group, while there were 10 high defects, one continuous defect, 5 per- 
sistent ostium primum defects, and one of unknown type. All of these defects 
were closed by approximating the edges with continuous or interrupted 
stitches, taking, usually, about 4 or 5 minutes of cardiae inflow occlusion 


*Lewis, F. John, and Taufic, M.: Closure of Atrial Septal Defects With the Aid of Hypo 
thermia; Experimenta! Accomplishments and the Report of One Successful Case, SURGERY 338; 


52, 1953. 
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Postoperative catheterization studies in 29 of the patients operated upon early 
showed evidence of a remaining shunt in only 2. One of these had an ostium 
primum defect and the other had a high defect in which an anomalous pul- 
monary vein was overlooked. Clinical improvement has generally been good, 
with disappearance of the murmur and decrease in the heart size. If the pul- 
monary artery pressure was clevated preoperatively, it usually fell to normal 
after the operation. 

Though ventricular fibrillation occurred in 11 of the first 32 patients 
operated upon, we have had only 2 instances of this complication in the last 
29 operations. For these last 29 operations we have employed an automatic 
respirator and an open respiratory system which administered 5 per cent 
carbon dioxide in 95 per cent oxygen to the patients during cooling, in order 
to prevent respiratory alkalosis or shifts in blood pH. In addition, we have 
used deeper levels of anesthesia and a slightly higher body temperature in 
this last group of patients. 

We favor an open technique rather than a closed technique despite the 
fact that we have had no personal experience with closed techniques. If an 
open system is best, an extracorporeal oxygenator could be employed rather 
than hypothermia, but oxygenators are more complex than hypothermia, and, 
at least at the present time, more difficult to use. Hypothermia does, of 
course, allow a shorter time within the heart than an extracorporeal oxy- 
genator, but this time limit can be lengthened by using deeper levels of hypo- 
thermia or by adding coronary perfusion or even a small pump-oxygenator to 
the technique. These additional measures are not, however, required for atrial 
septal defeets. 

In addition to atrial septal defects, we have employed hypothermia suc- 
cessfully to operate upon patients with aortic stenosis, ventricular septal de- 
fects, triatrial heart, and total anomalous pulmonary venous drainage, all 
under direct vision. This is an effective and useful method which should find 
a place in the field of intracardiae surgery, at least for a while. 

















Case Reports 





UNUSUALLY LARGE GOITERS OCCURRING IN THREE MEMBERS OF 
THE SAME FAMILY 


JAMES W. HeENprick, M.D., TuscaLoosa, ALA. 


HE occurrence of goiter in several members of the same family is not in- 

frequent in endemic areas. During the early thirties in the mountainous 
areas of Switzerland and Austria, I had an opportunity to observe families in 
which more than one member would have a large nodular or adenomatous 
goiter. That medical problem was not observed again until December, 1952, 
when two brothers and a sister with very large goiters were presented by Drs. 
Rodrigo Andalon and M. R. Villarreal at a tumor elinie conducted by me in 
Coahuila, Mexico. Goiter occurs only sporadically in that area of Mexico 
adjacent to the United States where these three patients and their parents 
were born and had lived. This section of Mexico near Zaragoza, Coahuila, 
some one hundred miles from the American—Mexican border, is ranch country 
at about 2,600 feet altitude. Cretinism is not endemic in that locality. 

The mother and father of these patients had expired from large goiters. 
At the time of observation none of the three patients was able to perform 
work because of the disability produced by the greatly enlarged thyroid 
glands. A brief history beginning with the youngest of the three follows: 


CASE REPORTS 


CASE 1.—M. L. (Fig. 1, 4), a Mexican woman, 25 years of age, had a history of goiter 
since childhood but was in good health otherwise. Physical examination revealed a well 
developed, well-nourished woman who had had congenital strabismus since birth. Ears, 
nose, and throat were negative. There was bilateral enlargement of the thyroid gland; 
each lobe measured approximately 8 by 14 cm. The consistency of the gland varied from 
firm to cystic to hard, the latter representing calcified areas. Pulse rate was 72 and 
regular with no arrhythmia. Blood pressure was 120/80. Roentgen examination of the 
chest revealed an extension of the left lobe of the thyroid into the chest cavity to the 
level of the aortic arch which produced deviation and narrowing of the trachea. The 
patient was operated upon at the Baptist Memorial Hospital Jan. 28, 1953. Pathologic 
examination revealed that the right lobe measured 12 by 12 by 5 em.; its weight was 22S 
Gm. The left lobe measured 13 by 7 by 6 em.; its weight was 250 Gm., a total of 478 Gm. 
for both lobes. The pathologic diagnosis was nontoxic nodular goiter. 

CASE 2.—D. L. (Fig. 1, C), Mexican man, 27 years of age, had a history of enlargement 
of the thyroid gland since the age of 10 years. The thyroid had grown to such size that 


the patient was totally incapacitated by its weight. He complained of smothering, short- 
ness of breath, and inability to swallow solid food, Physical examination revealed a 
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poorly nourished young man with an enormous goiter. ‘The superficial veins over the 
upper anterior chest wall were dilated. Pulse rate was 72 and regular; there was no 
arrhythmia. The blood pressure was 120/80. Roentgen examination of the chest demon- 
strated an extension of the lower pole of the right lobe of the thyroid into the chest 
cavity to the level of the aortie arch which produced narrowing and deviation of the 
trachea. This patient was operated upon on Jan. 28, 1953, at the Baptist Memorial 
Hospital. The pathologic specimen measured 14 by 13 by 7 em. and weighed 455 Gm. 
The pathologic diagnosis was nontoxic nodular goiter. 





A. B. C. 


Fig. 1—A, Patient 1, a woman, 25 years of age, with large, nontoxic, nodular goiter 
weighing 478 Gm. and measuring 25 by 19 by 11 em. when removed. B, Patient 3, a man, 
31 years of age, with nontoxic, nodular goiter weighing 615 Gm. and measuring 17 by 12 by 
10 cm. when removed. C, Patient 2, man 27 years of age with large, nontoxic, nodular goiter 
weighing 455 Gm. and measuring 14 by 13 by 7 cm. when removed. 


Case 3.—B. L. (Fig. 1, B), a Mexican man, 31 years of age, had a history of enlarge- 
ment of the thyroid gland since the age of 8 years. Physical examination revealed a 
well-developed, poorly nourished man with a tremendously large goiter, The patient com- 
plained of shortness of breath on exertion and was hindered in his movements by the 
weight of the thyroid. It was necessary for him to wear a sling around his neck to 
support the left lobe because its great weight tended to pull his head forward. During the 
year previous to surgical removal of the thyroid the patient complained of hoarseness, 
smothering, and severe choking attacks. Laryngeal examination revealed paralysis of 
the right vocal cord. Pulse rate was 72 and regular; there was no arrhythmia. Blood 
pressure was 120/80, The superficial veins over the anterior chest wall were dilated; 
there was no evidence of toxicity. Roentgen examination of the chest demonstrated that 
the right lobe of the thyroid extended beneath the clavicle to a point below the level of 
the aortie arch producing deviation of the trachea, and retrotracheal and retroesophageal 
extensions. This patient was operated upon on Jan. 28, 1953, at the Baptist Memorial 
Hospital. The right lobe of the thyroid was found to extend substernally and a tongue 
of thyroid tissue approximately 7 em. in width and 4 em. in thickness extended completely 
around the trachea and esophagus. The pathologic specimen measured 17 by 12 by 10 em. 
and weighed 615 Gm. Pathological diagnosis was nontoxic, nodular goiter. 


DISCUSSION 


Several interesting observations were made during the surgical removal 
of these large goiters. The prethyroid muscles in each case were thinned out 
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to tissue-paper thinness. The superior and inferior thyroid arteries and 
veins were dilated to 144 to 2 em. in diameter. The recurrent laryngeal 
nerves were in their normal position and were dissected out on each side and 
preserved. There was no apparent reason for the paralysis of the right re- 
current nerve observed in Case 3. All three patients had intrathoracic ex- 
tensions of the goiters. In Case 1 the clinical picture does not demonstrate as 
large a goiter as in Case 2 but when the goiter was removed it weighed 455 
(im. or 25 Gm. more than that in Case 2. A very large amount of this tissue 
was within the chest cavity. In Case 3 there were retrotracheal and retro- 
esophageal extensions of the right lobe. It was necessary in the two male 
patients to remove considerable amounts of redundant skin from the upper 
skin flap to insure better healing. 

The following pathologie report is representative of all three cases. 
Grossly, the specimen was salmon pink to red in color. Sectioned tissue was 
a mottled, grayish tan color containing numerous cysts which varied from a 
few millimeters to 4 or 5 em. in diameter. Several were calcified. The stroma 
was quite fibrous and firm, and reddish tan in color. In some areas there 
were hard masses which represented calcified tissue. In other areas well- 
defined nodules varying from 1 to 6 em. in diameter were present. 

Microscopie examination revealed nodules of thyroid tissue in which the 
center of the nodule was hemorrhagic, the margins contained small acini and 
small clusters of thyroid cells, with and without colloid. The cells of these 
acini were basophilic staining and had moderately chromatie round or oval 
nuclei. They were uniform in size and shape. Outside of the nodules there 
was dense hyalinized fibrous connective tissue throughout which were scattered 
thyroid acini and groups of thyroid cells. 

RESULTS 

The postoperative convalescence of these patients was uneventful. They 
were discharged from the hospital on the fifth postoperative day and were 
followed in the tumor c¢linie in Coahuila, Mexico, for a period of one year. The 
woman patient married and has had one normal pregnancy. Patient No. 2 
has remained in good health and has returned to his occupation as a laborer 
on a sheep ranch in the mountains of Mexico. 

Patient 3 regained his normal weight and strength following thyroid- 
ectomy but at the end of one year he began to lose weight and strength and 
developed a cough. Roentgen examination of the chest revealed multiple 
nodules, 1 to 3 em. in diameter, throughout each lung field. Re-examination of 
the pathologie slides did not demonstrate malignancy. However, due to the 
immense size of the tumor, it would have been a rather arduous chore to have 
carefully sectioned the entire tumor which weighed 615 Gm. In all probability, 
paralysis of the right vocal cord and hoarseness indicated that malignant 
transformation of the tumor had been present before surgery. The patient 
expired eighteen months after operation. The attending physicians, Drs. 
Andalon and Villarreal, were unable to obtain a post-mortem examination on 
the patient following his death. 











PERFORATED ILEAL REDUPLICATION 
Cask Report AND REVIEW OF THE LITERATURE 
CLARENCE J. SCHEIN, M.D., AND Jack Grunprest, M.D., New York, N. Y. 


(From the Surgical Division, Montefiore Hospital) 


ERFORATION of an intestinal reduplication is a rare complication of an 
uncommon anomaly. The ease reported is the fourth such free perforation 
and the second to survive resectional therapy. 


CASE REPORT 


R. H. (70461), a nine-year-old boy, was admitted to Montefiore Hospital on Jan. 15, 
1955, for abdominal pain and vomiting of thirty-six hours’ duration. He had been a com- 
pletely healthy child until this episode of periumbilical pain, vomiting, and fever. There 
was no radiation of the pain. The mother commented on the progressive abdominal distention. 
Physical examination disclosed tenderness, rigidity, and rebound in both lower quadrants. 
Flat film of the abdomen revealed gaseous distention of the small bowel and colon with 
separation of individual loops of small bowel and colon wall suggesting free intraperitoneal 
fluid. The white blood count was 18,580 with 94 per cent polymorphonuclear leukocytes. 
The child was operated on for spreading peritonitis of undetermined origin, most probably 
appendiceal. 

The abdomen was entered through a large MeBurney incision. The peritoneal cavity 
contained about 500 ¢.c. of purulent fluid (cultured out as staphylococcus aureus hemolyticus ) 
and the distended bowel was covered by a fibrinopurulent exudate. Ten em. from the 
ileoeecal valve a 6.0 by 3.5 em. pear-shaped segment of reduplicated ileum was encountered. 
At the midportion of its anterior wall, there was a 3 mm, perforation. An intestinal re- 
section and side-to-side anastomosis was performed. The right gutter and pelvis was 
drained, The patient’s postoperative course was uneventful and he was discharged on the 
nineteenth postoperative day. He remains with a small incisional hernia, 

Pathology Report——(Dr. Eliot Sicklick) The resected smal] intestine measured 55 em. 
in length and presented a universal hyperemia and fibrin deposit. Four em. from the distal 
line of resection there was a 6.0 by 3.5 by 2.0 em, pear-shaped mass. The apex of the mass 
pointed into the mesentery. There was a 3 mm. perforation in the midportion of the 
mass. Although the wall of the mass and the wall of the intestine were continuous, there 
Was no communication between the two. There were numerous mesenteric lymph nodes (Figs. 
1 and 2). Microscopic examination revealed an acute peritonitis. The muscular wall at 
the base of the mass was split into two parallel directions. One band continued in a long 
axis to the involved bowel; the other formed part of the wall of the reduplication. The 
serosal surface of the mass was covered by a plastic exudate. The remaining portions of 
the wall consisted of collagenous tissue; the lining surface was the site of an acute, intense 
inflammatory reaction in which no epithelium could be detected. This represented a 
reduplication of terminal ileum with perforation and acute peritonitis. The lymph nodes 
showed only hyperplasia. 


DISCUSSION 


Intestinal reduplication is an anomaly of embryological development prob- 
ubly related to incomplete segmental vacuolization of the solid alimentary tube.” 
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Since anomalies rarely occur singly, it is not surprising that gastrie heterotopism 
sometimes occurs as an associated dysontogenetic phenomenon within the redu- 
plicated bowel.* Reduplicated intestinal segments most often appear as asympto- 
matie masses, but they are also heir to other diseases affecting the small bowel. 
Therefore they may present as the leading point for an intussusception, or as the 
site of ulceration and intestinal bleeding, or as a cause of intestinal obstruction 





produced by extrinsic compromise of the lumen of the contiguous bowel. 
not possible statistically to determine the actual incidence of perforation. 


It is 
Gross° 


reports one ease of perforation in 68 eases of reduplication of the alimentary 


tract. 


A review of the literature has revealed only two other case reports.’ * 


TABLE I, SUMMARY OF PERTINENT DATA RELATIVE TO PERFORATED ILEAL REDUPLICATIONS 

















| TREATMENT 











| | | | 
| CLINICAL | AND 
AUTHOR AGE | SEX PICTURE SITE | PATHOLOGY | RESULT | COMMENTS 
Edward, 16 yr. M Peritonitis; 20 feet dis- Reduplica- Resection Also had a 
1929 Previous tal to the tion 28.5 and re- Meckel’s ; 
eolic and stomach inches covery Symptoms 
bleeding long; from four 
Typical months of 
peptic age 
ulcer 
Black, and 4.5 yr.  M_ Shock; 18 em. from Typical pep- No surgery; Also had a 
Benjamin, Abdominal ileocecal tie uleer; Died retro- 
1936 distention — valve Reduplica- mediastinal 
tion com- enterog- 
municated enous 
with jeju- eyst of the 
num on thorax 
each side 
Gross, Hol- 1 mo, ? ? Jejunum 65 em. long; Resection 
comb, and and ileum Small intes- and anas- 
Forbes, tinal mu- _‘tomosis; 
1952 cosa Died 
Schein, and 9 yr. M Peritonitis 10 em. from No identifi- Resection 
Grund fest, ileocecal able mu- and anas- 
1956 valve cosa ; tomosis ; 
6.0 by 3.5 Reeovery 
em. 


The total experience with this phenomena appears in Table I. Two of the 
perforations occurred in heterotopie ulcers, a phenomenon differing only in 
location from the usual peptie uleer blowout. The third author does not indi- 
cate the nature of the perforation. In the ease reported here, no mucosa could 
be identified and the mechanism of perforation is somewhat more difficult to 
explain. The mucosa may have been destroyed by enzymatie activity, infection, 
or pressure necrosis. Ripstein® reported a ease of ileal reduplieation with 
heterotopie gastric mucosa in which the aspirated fluid contained pepsin and 
renin and exhibited free acidity of 30 units. 
gastrie mucosa has thus been proven to oceur. 


Secretory function in ectopic 
Perforation through heterotopic 
peptic uleers would appear to be the most likely cause of perforation. 











698 SCHEIN AND GRUNDFEST Surgery 


April, 1957 


The treatment of choice is resection prior to the onset of complications, 
although it may not be possible to establish an early diagnosis. Surgical de- 
compression into the contiguous bowel has also been a successful procedure, but 
does not remove the useless anomaly.' 


SUMMARY 
1. The literature of perforated intestinal reduplications is reviewed. 


2. A suecessfully resected case is reported. 
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EFFORT THROMBOSIS OF THE COMMON FEMORAL VEIN 
Raut Lecaspi, M.D., Mexico Crry, Mexico 


(From the Department of Surgery, Institute of Cardiology and American British Cowdray 
Hospital) 


HERE is a clinical picture affecting the lower extremities which is evi- 

denced by extensive unilateral edema. The absence of any systemic or 
local pathology suggesting an acceptable diagnosis frequently leads to a diag- 
nosis of ‘‘idiopathic lymphedema,’’ or simply venous stasis, without de- 
termining the cause. 

The difficulty arises in the early phase of the disease , and sometimes, when 
the symptomatology is not modified during a prolonged course, the differential 
diagnosis remains uncertain for a long period of time. 

The following case is of interest. 


CASE REPORT 

A. V. A. (American British Cowdray Hospital), a 9-year-old white boy, was first seen 
on June 29, 1955, with a two-year history of extensive edema involving the right lower 
extremity. In June, 1953, his parents noticed the sudden appearance of moderate cyanosis 
and edema of the affected leg without any prodromal symptoms. When this occurred, the 
patient was not aware of his condition, and no additional findings could be detected at that 
time. The cyanosis disappeared within three or four days, and the edema involving the 
entire extremity persisted with the original characteristics. No other symptomatology 
was added to the initial clinical picture. The edema of the extremity barely changed 
during the course of the disease, despite the fact that several therapeutic measures were 
tried. Postural changes, rest, exertion, ambulation, and so forth, did not influence the 
manifestations. Shortly before the patient was examined, his father noticed slight evidence 
of the subcutaneous veins in the upper third of the affected thigh. 

The past history revealed that he was a healthy child until the onset of the present 
disease. There was no evidence of local or systemic inflammatory process; neither was 
there history of injury involving the right leg. The social history revealed that this patient 
was always enthusiastic in sports. 

On physical examination his general appearance was that of a well-developed and 
well-nourished child. The blood pressure was 100/60 and pulse was 78. The pulmonary 
fields and heart were normal. 

The skin temperatures of the lower extremities did not show any significant differ- 
ences in comparative studies. The oscillometrie readings were within the normal limits, 
bilaterally, thus coinciding with the palpatory findings of the peripheral pulses. No in- 
guinal thrill was detected. The circumferential measurements at different levels were as 
follows: 


THIGH: Right Left 
Upper third 45.5 em. 39.5 em. 
Middle third 38.5 em. 35.0 em. 
LOWER LEG: 
Upper third 29.0 em. 26.5 em. 
Middle third 23.0 em. 21.5 em. 
Lower third 20.0 em. 19.0 em. 
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The length was similar in both lower extremities. 

On July 2, 1955, a minor surgical procedure was performed over the right inguinal 
region as an out-patient operation, which was advised after failure to procure blood from 
the right femoral vein when the arterial sample of blood was withdrawn at the inguinal 
crease. This was attempted with the purpose of determining oxygen saturation in the 
blood. The surgical findings were as follows: the subcutaneous fat appeared moderatel) 
pale, with increased consistency and numerous minute veins, unusually developed. The 





Fig. 1.—A, Cross section of the vein showing a panoramic view of the thrombus and the 
wall of the host vessel. B, There is a poorly defined line of demarkation between the 
endothelium and the neoformed connective tissue. 
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femoral artery was normally located and its surrounding sheath appeared intact. The 
femoral vein had been grossly replaced by a pale gray cordlike structure, measuring 4 
mm. in diameter. The collateral branches emptying into the greater saphenous vein were 
not identified. A suitable segment was taken from this modified femoral vein and the 
wound was closed with a few interrupted silk sutures. 


The microscopic examination of the specimen submitted to the pathology laboratory 
showed the lumen of a vessel that appeared full of neoformed connective tissue, engulfing 
scanty capillaries; the connective tissue presented isolated foci of lymphocytes. There was 
not a sharp demarcation between the endothelium and the lumen. The tunica media was 
slightly disorganized due to the presence of isolated clumps of lymphocytes and fibrosis. 
The adventitia was not abnormal. The pathologie diagnosis thus established was that of 
an organized thrombosis of the femoral vein. 

The oxygen saturation of the arterial and venous blood was not investigated, in view 
of the fact that the exploratory procedure ruled out the possibility of a congenital arterio- 
venous fistula. 

The patient had an ambulatory, uneventful recovery. After the diagnosis was estab- 
lished he was advised to wear suitable elastic hose for a long period of time, until further 
evaluation would demonstrate the presence of adequate collateral venous circulation. 


DISCUSSION 

The sudden onset of extensive edema involving only one of the lower ex- 
tremities of a young boy, without any elinical evidence of significant inflam- 
matory reaction, and with negligible concomitant symptoms, plus the per- 
sistence of the original picture for two years, made a difficult differential 
diagnosis. The fact that appreciable venous markings were noticed in the 
latter stage of the disease, and the patient’s enthusiasm for vigorous sports, 
led us to consider two main etiologic possibilities: a noninflammatory thrombosis 
of the right iliae or femoral vein, and a latent congenital arteriovenous fistula. 

The first impression was based upon previous reports concerning the 
effort thrombosis, and its relation with the mechanical factor, yet with the 
knowledge that there are still unexplained features that make the elinical 
diagnosis controversial. 

The unusual technical difficulties when the femoral venipuneture was at- 
tempted directed our attention to an attempt to demonstrate the patency of 
this vessel or its congenital abnormality. 

The etiologic mechanisms involving the entire entity have been largely 
suggested previously, but the certainty of its diagnosis still offers a point of 
discussion. Nevertheless, we believe that this case illustrates a noninflammatory 
thrombois of a vein, unusually located, and evidently related to a great 
museular activity. 

SUMMARY 

A ease of effort thrombosis of the femoral vein is presented. The age of 
the patient, its anatomical location, and course made it unusual. The final 
diagnosis was based upon the surgical findings at a minor exploratory procedure 
of the inguinal region. The pathologie study substantiated the clinical im- 
pression. 
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The Neurosurgical Alleviation of Parkinsonism. By Irving S. Cooper. Springfield, III. 
Charles C Thomas. xii. Pp. 104. $8.50. 


‘*Paralysis agitans seems to present an incurable malady par excellence.’’ So 
wrote Kinnier Wilson shortly before his death. Dr. Cooper, well aware of the difficulties 
of the therapeutic task, agrees. ‘‘There is at the present time no cure,’’ but he con 
tinues, “There is, however, the possibility of useful alleviation of many of its symptoms 


’ 


by neurosurgery,’’ and in this very readable, well-illustrated monograph he shows what 


may be accomplished by selective destruction of the globus pallidus. 

A total of 13 surgical procedures for relief of this distressing palsy have come and 
quickly gone, and the more important landmarks are outlined here. Increasing atten- 
published reports in 1940, while 


; 


tion has been given to the globus pallidus since Meyers 
Dr. Cooper’s own attentions were focused upon the region independently in 1951 by 
accidental discovery that occlusion of the anterior carotid artery could relieve both the 
tremor and the ridgidity of the disease. Until this time he has had experience in the 
treatment of 50 patients by this method and of a further 70 by alcoholic injection of the 
ganglion (chemopallidectomy). For this latter he has evolved a simple stereotactic tech- 
nique, Improvement has been noted in 65 per cent of the former group and in 70 per 
cent of the latter. Mortality has been 10 and 3 per cent, respectively; incidence of hemi- 
plegia has been 6 per cent and 1 per cent, respectively. It has been shown that in some 
‘ases rigidity and tremor have been completely relieved, that the bedridden may get out 
of bed, and that some patients have even returned to work. 

A few have been subjected to bilateral ligation of the anterior choroidal artery, 
2 few to ligation on one side and chemopallidectomy on the other; none have had bilateral 
alcoholic block. In general, rigidity improves more than tremor; postencephalitic patients 
who are bedridden provide the more dramatic results; senile arteriosclerotic patients are 
not likely to respond well. 

The difficulty with a book published during the rapid advance of knowledge in a 
particular field is that by the time it reaches our hands we really require the next edition. 
Dr. Cooper’s experience has, I understand, doubled since the monograph was written. 
We require a clearer picture of the degree of improvement of all of his patients rather 
than of a representative group. We need more rigid criteria for selection, particularl) 
in the idiopathic. We should like to have a statement on intellectual and mental changes, 
particularly of bilateral cases. Detailed anatomic studies are required that we may un 
derstand and improve the results of this empirical therapy. 

Dr. Cooper is to be congratulated on the amount of work he has put into exploration 
of this new field of surgical therapy and into the preparation of this book. Though 
often dramatic, a careful study of his optimistic case histories will show that these present 
operations are by no means a ‘‘eure-all’’ of Parkinson’s ‘‘shaking palsy,’’ as some mem 
bers of the public have already begun to believe. Undoubtedly better technique will! 
come, but for the moment we must be careful of the false wave of overenthusiasm that 
clouded the earlier development of the operation of prefrontal lobotomy. 

—John F. Mullan 
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Head Injuries and Their Management. By Francis Asbury Echlin. Philadelphia and 
Montreal, J. B. Lippincott Company. ix. Pp. 127. $3.00. 


This is an excellent, compact manual in the literal sense of the word, written by a 
competent neurologic surgeon with some two decades of experience at the Bellevue Hos- 
pital, a city hospital with a very active traumatic service. In his introduction Dr. Echlin 
writes, ‘‘The purpose of this monograph is to state in simple terms what may happen to 
the head and brain following injury and how such lesions and their complications may be 
recognized and managed.’’ He seeks to make this knowledge readily accessible and of 
practical value to hospital residents and to the doctor who sees the patient initially and 
either establishes definitive treatment or sends him to one competent in dealing with more 
complicated problems. 

There is a very useful bibliography of 114 items which may fairly be criticized for 
its omission of the papers of Meirowsky and his colleagues dealing with the wounds of 
the Korean Campaign. The use of the helicopter in Korea speeded up the evacuation of 
the wounded so that cases sometimes underwent definitive surgery within an hour or two. 
The better results obtained under such circumstances in cases suffering from penetrating 
missile wounds of the head showed clearly the value of early operation. 

There is rather slight emphasis on general bodily injury and its influence on brain 
function. For example, I have failed to find a reference in text or index to the infre- 
quent occurrence of cerebral fat embolism, secondary to injury elsewhere. 

Any criticisms, however, are minor and the very lack of detail has its own virtue 
in making this small volume a valuable addition to the ‘‘ Practitioners’ Pocket Books.’’ 
The book will not supplant practical experience but it will prove exceedingly useful in the 
orientation of medical students and residents and of the practitioners who see only occa- 
sional cases of head injury. 

—Joseph P. Evans 


Anatomy for Surgeons. I. The Head and Neck and II. The Thorax, Abdomen and Pelvis. 
By W. Henry Hollinshead. New York, Paul B. Hoeber, Inc. Volume 1, 1954, pp. 548, 
326 ills. $10.00. Volume II, 1956, pp. 909, 1109 ills. $20.00. 


These two volumes have neglected nothing in the completeness of their content. 
Every section is complete with an extensive description of the various anomalies encoun- 
tered. The writing is so simple and clear that it is vastly easier to read than any com- 
parable work that I have encountered. This makes it a great asset for the practicing 
physician who finds it necessary to review his anatomy from time to time. A segment of 
the text is routinely devoted throughout the book to a discussion of the surgical significance 
of the normal anatomy plus the anatomic variations. 

The volumes have been criticized on the basis of the illustrations, most of which 
are semidiagrammatie. While it is true that this is not a book that one picks up in order 
to briefly review his anatomy by looking at the illustrations, the relatively simple illustra- 
tions have obviously been included to illustrate the point made in the context, and as such 
serve their purpose admirably. I feel that these volumes would be a definite asset to any 
surgeon needing to review or extend his anatomic knowledge in relation to some of the 
newer surgical techniques being developed. 

—Fletcher A. Miller 











Calendar of Surgical Meetings 
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AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 11-13, 1957, The 
Cloister, Sea Island, Ga. Deadline for papers, Aug. 15, 1957. Secretary, Dr. Eben 
Alexander, Jr., Bowman Gray School of Medicine, Winston-Salem, N. C. Attendance 
at meetings by invitation only. 

THE AMERICAN ASSOCIATION FOR THORACIC SuRGERY. Annual Meeting, May 4, 6, and 7, 1957, 
The Palmer House, Chicago, Ill. Deadline for papers, Dec. 15, 1956. Secretary, H. T. 
Langston, M.D., 1919 West Taylor St., Chicago 12, Il. 

AMERICAN ASSOCIATION OF GENITO-URINARY SuRGEONS. Annual Meeting, May 1, 2, and 3, 
1957, The Homestead, Hot Springs, Va. Secretary, John A. Taylor, M.D., 2 East 54th 
Street, New York 22, N, Y. 

AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. Annual Meeting, Oct. 31, Nov. 1 and 
2, 1957, The Homestead, Hot Springs, Va. Deadline for papers, Aug. 1, 1957. Secre 
tary, James K. Stack, 700 N. Michigan Ave., Chicago 11, Ill. 

AMERICAN CANCER SOCIETY. Annual Meeting, Oct. 28-29, 1957, Park-Sheraton Hotel, New 
York City, N. Y. Participation by invitation only. 

AMERICAN COLLEGE OF SuRGEONS. Clinical Congress, Oct. 14-18, Convention Hall, Atlantie 
City, N. J. Secretary of the College, Michael L. Mason, 154 E. Erie St., Chicago 11, III. 

THE AMERICAN GOITER ASSOCIATION. Annual Meeting, May 28-30, 1957, Hotel Statler, New 
York, N. Y. Secretary, John C. McClintock, M.D., 14914 Washington Ave., Albany 10, 
N.S. 

AMERICAN GYNECOLOGICAL Society. Annual Meeting, May 27, 28, and 29, 1957, The Home- 
stead, Hot Springs, Va. Secretary, Andrew A. Marchetti, M.D., Georgetown University 
Hospital, Washington 7, D. C. 

AMERICAN MEDICAL ASSOCIATION. Annual Meeting, June 3-7, 1957, Coliseum, New York, N. Y. 
Deadline for papers, Dec. 15, 1956. Clinical Meeting, Dec. 3-6, 1957, Auditorium, Phila- 
delphia, Pa. Deadline for papers, July 15, 1957. Secretary, American Medical Associa- 
tion, George F. Lull, M.D.; Secretary, Council on Scientific Assembly, Thomas G. Hull, 
M.D.; address of both, 535 North Dearborn Street, Chicago 10, Ill. 

AMERICAN SURGICAL ASSOCIATION. Annual Meeting, May 8, 9, and 10, 1957, The Palmer 
House, Chicago, Ill. Secretary, R. K. Gilchrist, M.D., 59 East Madison Street, Chicago 3, 
Til. 

AMERICAN UROLOGICAL ASSOCIATION. Annual Meeting, May 6-9, 1957, William Penn Hotel, 
Pittsburgh, Pa. Deadline for papers, Jan. 1, 1957. Secretary, Samuel] L. Raines, M.D., 
188 8. Bellevue Blvd., Memphis, Tenn. 

THE Harvey CusHine Society. Annual Meeting, April 25-27, 1957, Hotel Statler, Detroit, 
Mich. Secretary, David L. Reeves, M.D., 316 W. Junipero St., Santa Barbara, Calif. 

INTERNATIONAL SOCIETY OF SURGERY. Seventeenth Congress, Oct. 20-27, 1957, City University 
Medical School, Mexico City. Details of hotel accommodations and reservations are being 
handled by “Mexamericana,” Paseo de la Reforma 44, Mexico, I. D. F. 

MEDICAL SOCIETY OF THE ISTHMIAN CANAL ZONE. Second Inter-American Medical Convention, 
April 3, 4, and 5, 1957, Hotel El Panama, Panama City, Republic of Panama. For 
further information write Dr. William T. Bailey, Chairman of the Convention Executive 
Committee, Department of Medicine, Gorgas Hospital, Ancon, Panama Canal Zone. 

New ENGLAND Sureicat Society. Annual Meeting, Oct. 4 and 5, 1957, Mount Washington 
Hotel, Burton Woods, N. H. Deadline for papers, June 1, 1957. Secretary, Richard 
Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 

PAN-Pactric SuratcAn ASSOCIATION. Seventh Congress, Nov. 14-22, 1957. Honolulu, Hawaii. 
Director General, F. J. Pinkerton, M.D., Room 230, Young Building, Honolulu, Hawaii. 

THE SocrlETY FOR VASCULAR SURGERY. Annual Meeting, June 2, 1957, Hotel Biltmore, New 
York, N. Y. Secretary, Henry Swan, M.D., 4200 E. 9th Avenue, Denver, Colo. 

SOUTHERN SURGI_AL ASSOCIATION. Annual Meeting, Dec. 10-12, 1957, Greenbrier Hotel, White 
Sulphur Springs, W. Va. Secretary, George G. Finney, M.D., 2947 St. Paul St., Balti 
more 18, Md. Guests are invited by the Secretary at the request of the Membership. 

WESTERN SURGICAL ASSOCIATION. Annual Meeting, November 21-23, 1957, Hotel Utah, Salt 
Lake Citv, Utah. Deadline for submission of papers, Aug. 15, 1957, Secretary, John 
T. Reynolds, M.D., 612 N. Michigan Ave., Chicago 11, Tl. 
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Delayed healing of wounds 
and fistulae 


Minimizing scar formation 
Skin graft donor sites 
Bedsores 

Indolent ulcers 

Burns 


Excoriation (ileostomy, 
draining abscesses, etc.) 
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